Animal Model of Allergies 


Related Applications 

The present application is a continuation-in-part of co-pending application USSN 
09/518,346, filed March 3, 2000, which claims priority to application USSN 09/455,294, filed 
December 6, 1999, and also to provisional application USSN 60/122,960, filed March 3, 1999. 
Each of these patent applications is incorporated herein by reference in its entirety. 

Government Support 

The invention described herein was supported in part by grants from the National 
Institutes of Health (AI 43668, AI 24439, AI 33596) and the National Institutes of 
Environmental Health Sciences (ES03819). The U.S. government retains certain rights in this 
invention. 

Background of the Invention 

Allergic and asthmatic reactions pose serious public health problems worldwide. Pollen 
allergy alone (allergic rhinitis or hay fever) affects about 10-15% of the population, and 
generates huge economic costs. For example, reports estimate that pollen allergy generated $1 .8 
billion of direct and indirect expenses in the United States in 1990 {Fact Sheet, National Institute 
of Allergy and Infectious Diseases, www.niaid.nih.gov/factsheets/allergystat.html; McMenamin, 
Annals of Allergy 73:35, 1994). More serious than the economic costs associated with pollen 
and other inhaled allergens {e.g,, molds, dust mites, animal danders) is the risk of anaphylactic 
reaction observed with allergens such as food allergens, insect venoms, drugs, and latex. 

Allergic reactions result when an individual's immune system overreacts, or reacts 
inappropriately, to an encountered antigen. No allergic reaction occurs the first time an 
individual is exposed to a particular antigen. However, the initial immune response to an antigen 
primes the system for subsequent allergic reactions. In particular, the antigen is taken up by 
antigen presenting cells {e.g., macrophages or dendritic cells) that degrade the antigen and then 
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display antigen fragments to T cells. The activated T cells respond by secreting a collection of 
cytokines that have effects on other cells of the immune system. The profile of cytokines 
secreted by responding T cells determines whether subsequent exposures to the particular antigen 
will induce allergic reactions. When T cells respond by secreting interleukin-4 (IL-4), the effect 
5 is to stimulate the maturation of B cells that produce IgE antibodies specific for the antigen. 
These antigen-specific IgE antibodies then attach to specific receptors on the surface of mast 
cells and basophils, where they act as a trigger to initiate a rapid reaction to the next exposure to 
the antigen. 

When the individual next encounters the antigen, it is quickly bound by these 
1 0 surface-associated IgE molecules. Each antigen typically has more than one IgE binding site, so 
that the surface-bound IgE molecules quickly become crosslinked to one another through their 
simultaneous (direct or indirect) associations with antigen. Such cross-linking induces mast cell 
degranulation, resulting in the release of histamines and other substances that induce the 
C4i symptoms associated with allergic reaction. Individuals with high levels of IgE antibodies are 
1 1| known to be particularly prone to allergies. 

iJI Current treatments for allergies involve attempts to "vaccinate" a sensitive individual 

J, against a particular allergen by periodically injecting or treating the individual with a crude 
fit s^^P^'^s^o^ the raw allergen. The goal is to modulate the allergic response mounted in the 

nj individual through controlled administration of known amounts of antigen. If the therapy is 

I' "I 

2g successful, the individual's allergic response is diminished, or can even disappear. However, the 
therapy can require several rounds of vaccination, over an extended time period (3-5 years), and 
very often does not produce the desired results. Moreover, certain individuals suffer 
anaphylactic reactions to the vaccines, despite their intentional, controlled administration. There 
is a need for the development of improved treatments for allergies, particularly anaphylactic 

25 allergies, including a need for the development of useful model systems in which aspects of 
allergy and its treatment can be analyzed. 

Food Allergies 
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Food allergies pose particular problems. Not only is the role of anaphylaxis severe with 
many food allergens, but efforts to develop models for allergic, and particularly anaphylactic, 
reactions to orally-delivered allergens have generally not been successful. One significant 
obstacle to the development of food allergy models is the strong innate tendency of animals to 
5 develop immunological tolerance to ingested antigens. Various studies in mice have shown that 
oral tolerance can be influenced by strain (Ito et al. "Murine model of IgE production with a 
predominant Th2-response by feeding protein antigen without adjuvants" Eur. J. Immunol. 
27:3427-3437, 1997; Kiyono et al "Lack of oral tolerance in C3H/HeJ mice"/. Exp. 
Met/. 155:605-610, 1982; each of which is incorporated herein by reference), age at first feeding 
10 (Hanson "Ontogeny of orally induced tolerance to soluble proteins in mice. I. Priming and 

tolerance in newborns" /. Immunol. 127:1518-1524, 1981; Strobel et al. "Immune responses to 
fed protein antigens in mice, 3. Systemic tolerance or priming is related to age at which antigen 
,5 is first encountered" Pe^/m^r. Res. 18:588-594, 1984; Strobel "Neonatal oral tolerance" ^wn. N.Y. 

Acad. Sci. 778:88-102, 1 996; each of which is incorporated herein by reference), and the dose 
1'5I and nature of antigen (Mowat "The regulation of immune responses to dietary protein antigens" 
I'p Immunology Today 8:93-98, 1987; Lamont et al. "Priming of systemic and local delayed-type 
hypersensitivity responses by feeding low doses of ovalbumin to mice" Immunology 66:595-599; 

n 

1989; each of which is incorporated herein by reference). 

E Peanuts are but one example of an anaphylactic food antigen. Peanuts are highly 

I \f 

'M allergenic and may cause severe allergic reactions in sensitized children and adults (Sampson et 
|hL al. "Food hypersensitivity and atopic dermatitis: evaluation of 1 13 patients" J. Pediatr. 

107:669-675, 1985; Atkins et al. "Evaluation of immediate adverse reactions to foods in adult 
patients. 1. Correlation of demographic, laboratory, and prick skin test data with response to 
controlled oral food challenge" J. Allergy Clin. Immunol. 75:348-355, 1985; each of which is 
25 incorporated herein by reference). The clinical featiu-es of peanut allergy are frequently 

expressed as acute, IgE-mediated reactions following the ingestion of peanuts (Yunginger et al. 
"Fatal food-induced anaphylaxis" J>1M4 260:1450-1452, 1988; Sampson etal. "Fatal and 
near- fatal anaphylactic reactions to food in children and adolescents [see comments]" N. Engl. J. 
Med. 327:380-384, 1992; Kemp et al "Skin test, RAST and clinical reactions to peanut allergens 
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in children" Clin. Allergy 15:73-78, 1985; Bock et al. "Studies of hypersensitivity reactions to 
foods in infants and children'* J. Allergy Clin. Immunol. 62:327-334, 1978; Sampson et al. 
"Relationship between food-specific IgE concentrations and the risk of positive food challenges 
in children and adolescents" J. Allergy Clin. Immunol, 100:444-451, 1997; Sampson "Food 
allergy and the role of immunotherapy [editorial; comment]" J. Allergy Clin. Immunol. 
90:151-152, 1992; each of which is incorporated herein by reference). Peanuts and tree nuts 
together account for the majority of fatal and near fatal food-induced anaphylactic reactions in 
the United States (Yunginger et al. "Fatal food-induced anaphylaxis" JAMA 260:1450-1452, 
1988; incorporated herein by reference). The prevalence of peanut allergies has increased in 
recent decades (Sampson "Food allergy and the role of immunotherapy [editorial; comment]" /. 
Allergy Clin. Immunol. 90:151-152, 1992; incorporated herein by reference), and now peanut 
allergies affect about 1.5 million Americans. Unlike other childhood food allergies such as 
cow's milk and egg allergies, peanut allergies are rarely outgrown (Fries "Peanuts: allergic and 
other untoward reactions" Ann. Allergy 48:220-226, 1982; van Asperen et al. "Immediate food 
hypersensitivity reactions on the first known exposure to the food" Arch. Dis. Child 58:253-256, 
1983; Bock et al. "The natural history of peanut allergy" J. Allergy Clin. Immunol. 83:900-904, 
1989; each of which is incorporated herein by reference). Given the severity, prevalence, and 
frequently lifelong persistence of peanut allergies, and the lack of preventive or curative therapy 
for peanut allergies, there is a particular need to develop new tools for the study of peanut and 
other food allergies, and to identify new treatments. 

Animal models of food allergies, which mimic the physiological and immunological 
characteristics of food allergies in man, would be valuable tools in the development of novel 
immunotherapeutic strategies; however, to date there have been no completely suitable animal 
models of food allergies to test the efficacy and safety of immunologic therapies. Ermel et al. 
have reported a dog model for studying food allergies which lead to inflammatory 
gastrointestinal tract diseases (Ermel et al. "The Atopic Dog: A Model for Food Allergy" Lab. 
Animal Science 47(l):40-49, 1997). This model is of limited use, however, since the dogs have 
altered immune systems (i.e., the dogs are fi-om an inbred colony of high IgE-producing dogs) 
and do not exhibit symptoms of a systemic reaction when challenged with the offending antigen 
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(i.e., anaphylaxis, difficulty breathing). An animal model of allergies which will have an 
anaphylactic reaction upon exposure to the offending antigen would be very useful in designing 
and testing new strategies for desensitizing allergic patients and in studying the allergic response. 

Summary of the Invention 

The present invention provides an animal model for studying the immune response to 
allergens. In particular, the invention provides an animal that is sensitized to an antigen so that, 
when the animal is exposed to the antigen, the exposure elicits an allergic reaction similar to the 
one seen in humans allergic to the antigen. Preferably, the animal responds to orally-delivered 
antigen. The animal may be sensitized to antigens such as food antigens (e.g., peanuts, shellfish, 
fruit, berries), environmental antigens (e.g., dust mites, tree pollens, grass pollens, fungi, animal 
dander), etc. In certain preferred embodiments of the invention, the animal is sensitized to a 
food antigen. In some preferred embodiments, when the animal is exposed to the antigen, the 
animal undergoes an anaphylactic response. In a particularly preferred embodiment, while 
sensitive to some antigens, the animal is not sensitive to non-allergenic antigens and cannot 
easily be made sensitive to such non-allergenic antigens. Non-allergenic antigens are typically 
antigens that humans do not mount allergic responses (i.e., Th2 responses) to. In a particularly 
preferred embodiment, the animal can not be made sensitive to foods that humans are rarely 
allergic to (e.g., com). 

Another aspect of the invention comprises a method of sensitizing an animal to an 
antigen in order to cause an allergic response. In general, the antigen of interest, optionally 
along with an appropriate adjuvant (e.g., cholera toxin) is administered intragastrically to the 
animal at least once and preferably two or three times over a week to month to provide the 
desired response in the animal. In certain preferred embodiments, the animal's gastrointestinal 
tract or a portion thereof is inflamed. For example, the animal may be infected with an organism 
that targets the digestive system (e.g., bacteria, viruses, parasites, fungi) and leads to an immune 
response and inflammation of the infected tissue. In a particularly preferred embodiment, the 
animal is infected with mouse mammary tumor virus (MMTV) or a variant thereof. 
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Alternatively or additionally, one or more non- viral gastrointestinal irritating agents (e.g., 
ethanol) is employed. 

Preferably, the animal becomes sensitized so that subsequent exposure to the antigen, 
preferably by the route through which an individual would naturally encounter the antigen, 
generates a response that is similar to the individual's (preferably a human's) allergic response to 
the same antigen. The inventive method allows the production of animals sensitized to any 
desired antigen, and is particularly useful for the generation of animals sensitized to antigens that 
cause allergies in humans, particularly, food antigens. Furthermore, the method can be applied 
to any animal, preferably a mammal. In particular embodiments, the method is applied to 
rodents, such as mice or rats, or to primates, such as apes and monkeys. This method could also 
be used to sensitize a human being to an antigen, thereby, inducing allergies. Sensitization of the 
animal may involve administration of antigen in a crude or purified form. Where the antigen is a 
protein antigen, it may be administered as an intact protein, a peptide, or a polynucleotide 
encoding the antigenic protein or peptide. 

The present invention also provides a system and method of identifying agents that affect 
the development and/or maintenance of an allergic response. The system comprises an animal 
sensitized or to be sensitized, test compounds, antigen, and, optionally, an adjuvant. Test 
compounds are administered to an inventive sensitized animal before, during, and/or after the 
sensitization process in order to assess their effect on the allergic response. Given the 
tremendous need for agents which prevent or lessen the symptoms of allergies, this method of 
using an animal model is of great utility. 

In another aspect, the invention provides an animal model for studying skin disorders. In 
particular, in some embodiments of the invention, a sensitized animal is provided that, when 
contacted with low doses (i.e., doses below those needed to elicit anaphylaxis or other systemic 
reactions) of the sensitizing antigen, develops a skin disorder. The skin disorder may be 
characterized by hair loss, scratching, redness, warmth, exfoliation, etc. In a particularly 
preferred embodiment, the animal is sensitized to a milk antigen. The present invention also 
discloses methods of producing such an animal with a skin disorder and methods of identifying 
compounds used to treat the skin disorder. 
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The present invention also provides a method of detecting the presence of an antigen in a 
product. A sensitized animal, as described in the present invention, is contacted with a product 
to be tested. The immune response of the animal is assessed to evaluate whether the product 
contains the antigen to which the animal has been sensitized. This method may be particularly 
5 important for the food, cosmetic, and drug industries because it allows one to screen products for 
minute amounts of antigen before they are released to the public. 

Definitions 

"Allergen": An "allergen" is an antigen that (i) elicits an IgE response in an individual; 
10 and/or (ii) elicits an asthmatic reaction (e.g., chronic airway inflammation characterized by 

eosinophilia, airway hyperresponsiveness, and excess mucus production), whether or not such a 
reaction includes a detectable IgE response. Preferred allergens for the purpose of the present 
^p.^ invention are protein allergens, although the invention is not limited to such. An exemplary list 
'"'^ of protein allergens is presented as an Appendix. This list was adapted on July 22, 1999, from 
l-^]§ ftp://biobase.dk/pub/who-iuis/allergen.list, which provides lists of knovm allergens. 

"Allergic reaction": An allergic reaction is a clinical response by an individual to an 
antigen. Symptoms of allergic reactions can affect the cutaneous (e.g., urticaria, angioedema, 
pruritus), respiratory (e.g., wheezing, coughing, laryngeal edema, rhinorrhea, watery/itching 
tt eyes), gastrointestinal {e.g., vomiting, abdominal pain, diarrhea), and/or cardiovascular (if a 

J lir 

systemic reaction occurs) systems. For the purposes of the present invention, an asthmatic 

p!, reaction is considered to be a form of allergic reaction. 

"Anaphylactic antigen": An "anaphylactic antigen" according to the present invention is 
an antigen that is recognized to present a risk of anaphylactic reaction in allergic individuals 
when encountered in its natural state, under natural conditions. For example, for the purposes of 

25 the present invention, pollens and animal danders or excretions {e.g., saliva, urine) are not 

considered to be anaphylactic antigens. On the other hand, food antigens, insect antigens, drugs, 
and rubber {e.g., latex) antigens are generally considered to be anaphylactic antigens. Food 
antigens are particularly preferred anaphylactic antigens for use in the practice of the present 
invention. Particularly interesting anaphylactic antigens are those {e.g., nuts including peanuts. 


Express Mail No. ET796588 1 1 7US 
312I744vl 


7 of 101 


2002834-0069 



seeds, insect venom, and fish) to which reactions are commonly so severe as to create a risk of 
death. 

"Anaphylaxis" or "anaphylactic reaction": "Anaphylaxis" or "anaphylactic reaction", as 
used herein, refers to an immune response characterized by mast cell degranulation secondary to 
5 antigen-induced cross-linking of the high-affinity IgE receptor on mast cells and basophils with 
subsequent mediator release and the production of pathological responses in target organs, e.g., 
airway, skin, digestive tract, and cardiovascular system. As is known in the art, the severity of 
an anaphylactic reaction may be monitored, for example, by assaying cutaneous reactions, 
puffiness around the eyes and mouth, and/or diarrhea, followed by respiratory reactions such as 
10 wheezing and labored respiration. The most severe anaphylactic reactions can result in loss of 
consciousness and/or death. 

"Animal": The term animal, as used herein, refers to non-human animals, including, for 

Silt!' 

example, mammals, birds, reptiles, amphibians, and fish. Preferably, the non-human animal is a 
mammal (e.g., a rodent, a mouse, a rat, a rabbit, a monkey, a dog, a cat, or a pig). An animal 
1 ^ may be a transgenic animal. 

a' 

ij^l "Antigen": An "antigen" is (i) any compound or composition that elicits an immune 

response; and/or (ii) any compound that binds to a T cell receptor (e.g., when presented by an 
l>«J« MHC molecule) or to an antibody produced by a B-cell. Those of ordinary skill in the art will 
appreciate that an antigen may be a collection of different chemical compounds (e.g., a crude 
2p;r' extract or preparation) or a single compound (e.g. , a protein). Preferred antigens are protein 
j.<i> antigens, but antigens need not be proteins for the practice of the present invention. 

"Associated with": When two entities are "associated with" one another as described 
herein, they are linked by a direct or indirect covalent or non-covalent interaction. Preferably, 
the association is covalent. Desirable non-covalent interactions include hydrogen bonding, van 
25 der Waals interactions, hydrophobic interactions, magnetic interactions, electrostatic interactions, 
etc. 

"Effective amount": The "effective amount" of an agent (e.g., a pharmaceutical 
composition, sensitizing composition) refers to the amount necessary to elicit the desired 
biological response. In the case of sensitizing an animal, the effective amoimt of a sensitizing 
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composition will cause the desired change in the animal's immune response so that when the 
animal is contacted with antigen later, the animal will have an immune response. In the case of 
producing an anaphylactic reaction in an animal, the effective amount of antigen is the amount 
necessary to produce an anaphylactic reaction (i.e., drop in blood pressure, vasodilatation, 
5 difficulty breathing, etc.). In the case of producing a skin disorder in the sensitized animal, the 
effective amount is the amount necessary to produce the skin disorder without producing other 
systemic effect. The effective amount to elicit the skin disorder is typically less than the 
effective amount to sensitize the animal and less than the amount to induce anaphylaxis. The 
effective amount of antigen to desensitize the sensitized animal is the amount to cause tolerance 
10 to the antigen. This amount is typically less than the amount to cause anaphylaxis or 
sensitization. 

Q "Fragment": An antigen "fragment" according to the present invention is any part or 

portion of the antigen that is smaller than the entire, intact antigen. In preferred embodiments of 
flil the invention, the antigen is a protein and the fragment is a peptide. 

101 "Gastrointestinal irritating agent": A gastrointestinal irritating agent is any chemical 

s m 

compound which leads to inflammation or irritation of the gastrointestinal tract. In a preferred 
Et embodiment, the chemical compound is a small organic molecule (e.g., ethanol). The 

inflammation may be limited to a particular portion of the GI tract or to a particular layer (e.g. , 
Ji^J mucosa, submucosa) of the wall of the GI tract. Preferably, the inflammation leads to the 

2g3 recruitment of inflammatory cells into the wall of the gastrointestinal tract. These cells 

hi- 

presumably contribute to the presentation of the administered antigen and help lead to the 
development of an allergic response to the administered antigen. In another preferred 
embodiment, the gastrointestinal irritating agent leads to increased permeability of the wall of the 
gastrointestinal tract and of the blood vessels within the GI tract. 
25 "IgE binding site": An IgE binding site is a region of an antigen that is recognized by an 

anti-antigen IgE immunoglobulin. Such a region is necessary and/or sufficient to result in (i) 
binding of the antigen to IgE; (ii) cross-linking of anti-antigen IgE; (iii) degranulation of mast 
cells containing surface-bound anti-antigen IgE; and/or (iv) development of allergic signs and 
symptoms (e.g., histamine release). In general, IgE binding sites are defined for a particular 
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antigen or antigen fragment by exposing that antigen or fragment to serum from allergic 
individuals. It will be recognized that different individuals may generate IgE that recognize 
different epitopes on the same antigen. Thus, it is typically desirable to expose antigen or 
fragment to a representative pool of serum samples. For example, where it is desired that sites 
5 recognized by human IgE be identified in a given antigen or fragment, serum is preferably 
pooled from at least 5-10, preferably at least 15, individuals with demonstrated allergy to the 
antigen. Those of ordinary skill in the art will be well aware of useful pooling strategy in other 
contexts. 

"Mast cell": As will be apparent from context, the term "mast cell" is often used herein 
1 0 to refer to one or more of mast cells, basophils, and other cells with IgE receptors. 

"Non-allergenic antigen": A "non-allergenic antigen" is an antigen to which allergic 
l^'ll reactions are commonly not observed in humans. Typically, allergic reactions to non-allergenic 

antigens are seen in less than 10% of the population, more preferably less than 5%, and most 
Jf'l preferably less than 1%. In certain preferred embodiments, the non-allergenic antigen when 
1 administered to the animal as a sensitizing composition does not lead to sensitization of the 
animal to the antigen. In a particularly preferred embodiment, exposure to a non-allergenic 

y,p 

51 antigen leads to a Thl response rather than a Th2 response. In another preferred embodiment, an 
1^^^ animal has less than 0. 1 % of its IgE directed to the non-allergenic antigen, more preferably less 
j'jr than 0.001%, and most preferably less than 0.0001%. In another particularly preferred 

embodiment, the animal does not respond to the non-allergenic antigen upon exposure with 
allergic symptoms such as itching, diarrhea, anaphylaxis, water eyes, rhinorrhea, etc. 

"Peptide": According to the present invention, a "peptide" comprises a string of at least 
three amino acids linked together by peptide bonds. Peptide may refer to an individual peptide 
or a collection of peptides. Inventive peptides preferably contain only natural amino acids, 
25 although non-natural amino acids (i.e., compounds that do not occur in nature but that can be 
incorporated into a polypeptide chain; see, for example, 

http://wv^.cco.caltech.edu/~dadgrp/Unnatstnict.gif, which displays structures of non-natural 
amino acids that have been successfully incorporated into functional ion channels) and/or amino 
acid analogs as are known in the art may alternatively be employed. Also, one or more of the 
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amino acids in an inventive peptide may be modified, for example, by the addition of a chemical 
entity such as a carbohydrate group, a phosphate group, a famesyl group, an isofamesyl group, a 
fatty acid group, a linker for conjugation, flinctionalization, or other modification, etc. 

"Polynucleotide'* or "oligonucleotide": Polynucleotide or oligonucleotide refers to a 
polymer of nucleotides. The polymer may include natural nucleosides (i.e., adenosine, 
thymidine, guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine, deoxyguanosine, and 
deoxycytidine), nucleoside analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo- 
pyrimidine, 3-methyladenosine, 5-methylcytidine, C5-bromouridine, C5-fluoro uridine, 
C5-iodouridine, C5-propynyl-uridine, C5-propynyl-cytidine, C5-methylcytidine, 
T-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, 0(6)-methylguanine, 
and 2-thiocytidine), chemically modified bases, biologically modified bases (e.g., methylated 
bases), intercalated bases, modified sugars (e.g., 2'-hydroxylribose, 2'-fluororibose, ribose, 2'- 
deoxyribose, and hexose), or modified phosphate groups (e.g., phosphorothioates and 
5 '-N-phosphoramidite linkages). 

"Sensitized animal": A "sensitized animal" is an animal having adapted an 
immunological state so that, when it encounters an antigen, it has a response similar to that 
observed in allergic humans. In one preferred embodiment, the initial reaction to the antigen 
consists primarily of cutaneous reactions with puffiness around the eyes and mouth, and/or 
diarrhea followed by respiratory reaction such as wheezing and labored respiration. In another 
preferred embodiment, the percentage of degranulated mast cells is significantly higher in the 
sensitized animal versus the unsensitized animal. In yet another preferred embodiment, plasma 
histamine levels were significantly increased in the sensitized animal when it was challenged 
with antigen. In another preferred embodiment, there is an increased level of antigen specific 
IgGl antibodies in the animal after sensitization. In a particularly preferred embodiment of the 
invention, the response is mediate by IgE immunoglobulin. In another preferred embodiment, 
the response is an anaphylactic reaction. In preferred embodiments of the invention, the animal's 
response is similar to that observed in allergic humans who encounter the antigen by the same 
route (e.g., oral) as that through which the antigen is administered to the animal. 
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"Sensitized mast cell": A "sensitized mast cell" is a mast cell that has surface-bound 
antigen specific IgE molecules. The term is necessarily antigen specific. That is, at any given 
time, a particular mast cell will be "sensitized'* to certain antigens (those that are recognized by 
the IgE on its surface) but will not be sensitized to other antigens. 

"Susceptible individual": According to the present invention, a person is susceptible to a 
severe and/or anaphylactic allergic reaction if (i) that person has ever displayed symptoms of 
allergy after exposure to a given antigen; (ii) members of that person's genetic family have 
displayed symptoms of allergy against the allergen, particularly if the allergy is known to have a 
genetic component; and/or (iii) antigen-specific IgE are found in the individual, whether in 
serum or on mast cells. 

"Thl response" and "Th2 response": Thl and Th2 responses are well-established 
alternative immime system responses that are characterized by the production of different 
collections of cytokines and/or co factors. For example, Thl responses are generally associated 
with the production of cytokines such as IL-1 , IL-2, IL-I2, IL-18, IFN , IFN , TNF , etc, Th2 
responses are generally associated with the production of cytokines such as IL-4, IL-5, IL-10, 
etc. The extent of T cell subset suppression or stimulation may be determined by any available 
means including, for example, intra-cytoplasmic cytokine determination. In preferred 
embodiments of the invention, Th2 suppression is assayed, for example, by quantitation of IL-4, 
IL-5, and/or IL-1 3 in stimulated T cell culture supernatant or assessment of T cell intra- 
cytoplasmic (e.g., by protein staining or analysis of mRNA) IL-4, IL-5, and/or IL-1 3; Thl 
stimulation is assayed, for example, by quantitation of IFN , IFN , IL-2, IL-1 2, and/or IL-18 in 
activated T cell culture supernatant or assessment of intra-cytoplasmic levels of these cytokines. 

Brief Description of the Drawing 

Figure 1 shows serum levels of cow's milk-(CM)-specific IgE in a milk-allergic mouse 
model. Sera fi-om different groups of mice (n = 5) as indicated were obtained weekly after CM 
and cholera toxin (CT) sensitization. CM-specific IgE levels in pooled sera fi*om each group 
were determined by ELISA. Values are expressed as means ± SEM. *P<0.01 versus #. 
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Figure 2 shows systemic anaphylactic symptom scores in milk-allergic mice. Mice (n = 5 
to 1 1) were challenged intragastrically with CM. Thirty to 40 minutes later, the symptoms of 
anaphylaxis were scored on a scale from 0 (no symptoms) to 5 (death), as described in the 
Methods section. Open circles indicate individual mice. *P<0.001 versus, #; *P<0.05 versus ##. 
5 Figure 3 shows degranulation of mast cells in milk-allergic mouse ear samples. Panel A 

shows degranulated mast cells in CM-sensitized (1 mg/g plus CT) mice after challenge (arrows). 
Panel B shows nondegranulated mast cells in sham-sensitized mice after challenge (arrows). 
Bar = 100 u. Panel C shows percentage of degranulated mast cells in ear samples of CM- 
sensitized mice, CT sham-sensitized mice, and naive mice. Two hundred to 400 mast cells were 
10 analyzed as described in the Methods section. Values are expressed as means ± SEM of 4 mice 
per group. *P <0.001 versus #. 

Figure 4 shows peanut (PN) antigen-induced systemic anaphylaxis. Mice (n=8-16) were 

Hi*!' 

sensitized ig with ground whole PN, 5 mg or 25 mg respectively plus CT. Mice were challenged 
'^^ ig with crude PN extract 10 mg/mouse in 2 doses at 30-40 min. intervals at week 3(A). Thirty to 

l^ij forty min. following challenge, the symptoms of anaphylaxis were scored utilizing a scoring 

lip 

I PI system as described in Materials and Methods. Mice surviving the first challenge at week 3 were 
rechallenged at week 5(B), and the symptoms scored as above. Symbol (open circle) indicates 
individual mice. ^ p<0.05 vs. high dose group. Data are combined resuUs of 3-4 individual 

j'jj experiments. 

2&I: Figure 5, panel A shows degranulation of mast cells. Ear samples were collected 

1"'' immediately after anaphylaxis-related death or 40 min. after challenge of surviving mice and 
fixed. Five m toluidine blue or Giemsa stained paraffin sections were examined by light 
microscopy at 400x, Four hundred mast cells were classified for each ear sample. Values are 
expressed as means ± SEM of 3-4 mice per group. ^ p<0.001 vs. controls. Panel B shows 

25 plasma histamine levels. Thirty min. following PN-challenge, blood from each group of mice 
(n=4) was collected, and histamine levels were determined using a commercial enzyme 
immunoassay kit. ^ p<0.05 vs. controls. 
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Figure 6 shows the concentration of PN-specific IgE. Sera from different groups of mice 
(n=8-16) as indicated were obtained weekly following initial PN-sensitization. Ara h 2-specific 
IgE levels were determined by ELIS A. Data are given as mean + SEM of 3-4 experiments. 
Figure 7 shows the splenocyte proliferative response to PN, Ara h 1, and Ara h 2 
5 stimulation. Spleen cells from PN allergic mice (n=2) and naive mice (n=2) were stimulated 
with 10 and 50 g/ml of crude PN extract, Ara h 1 , or Ara h 2. Cells cultured in medium alone 
or with Con A served as controls. Four days later, the cultures received an 18-hr pulse of 1 Ci 
per well of ^H-thymidine, The cells were harvested and the incorporated radioactivity was 
counted. The results are expressed as counts per minute (cpm). 
10 Figure 8 shows the concentration of PN, Ara h 1, and Ara h 2-specific IgE. Pooled sera 

from PN-allergic mice or naive mice (n=6) were prepared. The levels of PN, Ara h 1, and Ara h 
C!? 2-specific IgE were determined by ELISA. 

(jjl Figure 9 shows a companson of mouse and patient IgE antibody binding to Ara h 2 

I'jf isoforms. Crude PN protein extract (200 g) resolved by two-dimensional SDS-PAGE on 

nitrocellulose membranes was probed with pooled sera from PN-allergic patients (A) or PN- 
^Jjjj allergic mice (B) as described in Example 2 under Materials and Methods. 
^* Figure 10 shows levels of Ara h 2-specific Abs in C3H mice. A, Levels of Ara h 2- 

specific IgG2a. B. Levels of Ara h 2-specific IgGl . Sera from different groups of mice (n = 4-7) 

iv 

{'4 as indicated were obtained 3 wk after pDNA immunization. The levels of Ara h 2-specific 
2W IgG2a and IgGl were determined by ELISA, and calculated by comparison with a references 

curve generated using mouse monoclonal anti-DNP Abs. *p <0.05 versus pcDNA, sin; **,/? 

<0.001 versus pcDNA, mul. 


initial pDNA immunization mice {n = 4-7) in each group received an i.p. injection of PN, or Ara 
25 h 2 or CA. The severity of anaphylaxis was scored 20-40 min after i.p. Ag administration, as 

described in Materials and Methods. *, **,/? <0.001 versus pcDNA; **,/? <0.01 versus pAra h 2 


Figure 12 shows plasma histamine level following PN injection of C3H mice. Five to 
eight minutes after PN injection, plasma from different groups of mice, as indicated (w = 4-5), 


Figure 11 shows peanut-induced anaphylaxis in C3H mice. Three weeks following the 


sin. 
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was obtained. The level of histamine was measured by ELISA, and calculated by comparison 

with a standard curve *,p <0.01 versus pcDNA.sin: <0.001 versus pcDNA, muL; **,/? 

<001 versus pAra h 2, sin. 

Figure 13 shows the percentage of degranulated mast cells in ear samples of pAra h 2 and 
5 mock DNA-immunized mice (200-400 mast cells were analyzed). *,p <0.01 versus pcDNA, sin; 

**yP <0.001 versus pcDNA.muL; **,/? <0.01 versus pArah 2, sin. 

Figure 14 shows ovomucoid-specific Abs induced by pOMC in C3H mice. Sera from 

different groups of mice {n = 5), as indicated, were obtained at weekly intervals from 1-3 wk 

after the initial pDNA immunization. The levels of ovomucoid-specific IgG2a and IgGl were 
10 determined by ELISA and calculated by comparison with a reference curve generated using 

mouse mAb, anti-DNP Abs. 
I'^u Figure 15 shows kinetics of isotype profile of Ara h 2-specific Abs induced by pAra h 2 

immunization of AKR, BALB/c, and C3H mice A, Levels of Ara h 2-specific IgG2a B. Levels of 

Ara h 2-specific IgGl. Sera from different groups of mice (w = 5) were obtained at weekly 
l^Sj intervals following multiple pDNA immunization. The levels of Ara h 2-specific IgG2a and 
i!1 IgGl were determined by ELISA and calculated by comparison with a reference curve generated 

by using mouse mAb anti-DNP Abs. 
I 'l' Figure 16 shows the ability of each peptide of Ara h 2 to stimulate T cells. Each peptide 


fiJ was tested, using standard techniques, on 19 different T cell preparations. Positive scores. 


25 


defined as a T cell stimulation index of >2, are indicated by shading. 

Figure 17 shows the modified amino acid sequences of Ara h 1, Ara h 2, and Ara h 3. 
Altered positions are underlined. 

Figure 18 shows a decrease in Ara h 2-specific IgE in blood of mice desensitized with 
modified Ara h 2 protein. 

Detailed Description of Certain Preferred Embodiments of the Invention 

The present invention provides a sensitized animal model of allergic reactions and 
methods of making and using such a model. The antigen of interest is administered to the 
animal, optionally in combination with one or more adjuvants or other factors, until the animal 
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becomes appropriately sensitized. As discussed in more detail below, the antigen may be 
administered by any of a variety of routes and according to any of a variety of protocols. The 
sensitized animal can then be used as an experimental model for an allergic response to the 
administered antigen, and also as a system for the identification of chemical compounds that 
5 affect the development and/or maintenance of allergic reactions. Of particular interest are those 
compounds that can be used to vaccinate against the development of allergy (i.e., can block or 
retard development of the sensitized state when administered prior to or during sensitization), 
and/or to reverse allergic sensitization after it has occurred, 

10 Animal 

The animal sensitized to a particular antigen and used in this invention can be any non- 
human animal from the animal kingdom. Preferably, the animal is a mammal, and more 

jj'l preferably, the animal is a rodent. Examples of rodents include mouse, rat, rabbit, ferret, 

I. 

hamster, gerbil, guinea pig, etc. In other preferred embodiments of the invention, the animal 
\^ used is a non-human primate. Non-human primates include apes, monkeys, orangutans, 
baboons, etc. 

The animal used in the present invention also may be a transgenic animal. The term 

pi 

transgenic animal is meant to include an animal whose genome has been altered by the hand of 
ill man. For instance, the transgenic animal may have gained new genetic material from the 
introduction of foreign DNA, i.e., partly or entirely non-naturally occurring in the recipient 
organism, into the DNA of its cells; or introduction of a lesion, e.g., an in vitro induced mutation, 
e.g., a deletion or other chromosomal rearrangement into the DNA of its cells; or introduction of 
homologous DNA into the DNA of its cells in such a way as to alter the genome of the cell into 
which the DNA is inserted, e.g., it is inserted at a location which differs from that of the natural 
25 gene or its insertion results in a knockout. The animal may include a transgene in all of its cells 
including germ line cells, or in only one or a portion of its cells. 

hi certain preferred embodiments, the animal has inflammation of its gastrointestinal 
tract. The inflammation may be caused by any etiology including, but not limited to, exposure to 
noxious chemicals, viral infection, bacterial infection, fringal infection, protozoan infection. 
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genetic defects, autoimmunity, generalized immuno-overactivity, etc. In a particularly preferred 
embodiment, the animal is infected with mouse mammary tumor virus (MMTV) or a variant 
thereof Without wishing to be bound by a particular theory or explanation, the immune 
response in the inflamed tissue {e.g., digestive tract, lungs) may set up the proper environment 
5 for sensitizing the animal to a particular antigen. Preferably, the antigen is delivered in such a 
way as to come in contact with the inflamed tissue. For example, an inflamed digestive tract 
may lead to the sensitizing composition being delivered orally or intragastically. To give but one 
other example, inflamed lung tissue may be caused by a respiratory virus known to infect the 
animal and cause inflammation and may allow for delivery of the sensitizing composition 
10 inhalationally. 

hi a particularly preferred embodiment, the animal's immune system responds in a 
^ manner very similar to a human's immune system. For example, humans are known to be rarely, 
tijjp if ever, allergic to certain food antigens {e.g., com); therefore, the animal used in this method 
would ideally not be able to be sensitized to such food antigens. In a particularly preferred 
1S| embodiment, the animals sensitized to a particular antigen are not allergic and/or cannot be made 

allergic to non-allergenic antigens. For example, following the methods outlined below in the 
ll''^ Examples, one would not be able to sensitize an animal to a non-allergenic antigen. When 
I"'' compared to controls, there would be httle to no increase in antigen-specific IgE levels, little to 
j'jj no increase in basophil histamine release upon exposure to the non-allergenic antigen, little to no 
2t^J chnical response, little to no mast cell degranulation, etc. 

|..|. Additional characteristics that may influence the selection of a particular animal for 

sensitization in accordance with the present invention include, for example, similarity of the 
animal's immune system to the human immune system, ease of care of the animal, past 
experience and knowledge of the animal as an experimental model, cost of the animal, cost of 
25 caring for the animal, similarity of allergic response of animal compared to human allergic 

response, inability of the animal to be sensitized to antigens that are typically non-allergenic to 
humans, etc. 

Sensitizing Antigen 
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In general, any antigen may be employed to sensitize an animal in accordance with the 
present invention, so long as, when it is administered, it results in a sensitized animal. The 
sensitized animal should have an immunological response when it encounters the antigen, and in 
preferred embodiments, the response should be similar to that observed in allergic humans, and 
5 more preferably, should be an IgE-mediated response. Preferred antigens are protein antigens. 
The Appendix presents a representative list of certain known protein antigens. As indicated, the 
amino acid sequence is known for many or all of these proteins, either through knowledge of the 
sequence of their cognate genes or through direct knowledge of protein sequence, or both. 
Of particular interest are anaphylactic antigens. Anaphylactic antigens include food 
10 antigens, insect antigens, and rubber antigens (e.g., latex). In particular, nut (e.g., peanut, 
walnut, almond, pecan, cashew, hazelnut, pistachio, pine nut, brazil nut) antigens, dairy (e,g., 
egg, milk) antigens, seed (e.g., sesame, poppy, mustard) antigens, fish/shellfish (e.g., shrimp, 
t|| crab, lobster, clams) antigens, and insect antigens are anaphylactic antigens according to the 
!|;; present invention. Particularly preferred anaphylactic antigens are food antigens; peanut (e.g., 
ISI Ara h 1-3), milk, egg, and fish/shellfish (e.g., tropomyosin) antigens are especially preferred. In 

m 

I PI some cases, it will be desirable to work in systems in which a single compound (e.g., a single 
*' *^ protem) is responsible for most observed allergies. In other cases, the invention can be applied 
H to more complex allergens. 

1*1 1 Enviromnental antigens may also be used in the present invention. Environmental 

2W antigens include ammal dander, tree pollen, grass pollen, weed pollen, mites, dust mites, animal 
luh antigens, insect antigens, and fungal antigens. Specific examples of these antigens are listed in 
the Appendix. 

Sensitizing antigens for use in the present invention may be produced in any desired 
form. For example, crude antigen may be used, or antigen may be partially or completely pure. 
25 In some cases, it will be desirable to sensitize the animal with an antigen composition that 

approximates as closely as possible the form of the antigen in nature. Such a formulation is not 
required, however. In some embodiments of the invention, a protein antigen is provided by a 
polynucleotide encoding the antigen. DNA or RNA may be used in the invention; however, 
DNA is generally preferred given its greater stability. The polynucleotide may be provided in 


Express Mail No. ET796588117US 
3121744vl 


18 of 101 


2002834-0069 



the context of a delivery vector such as a plasmid or virus. Preferably, the polynucleotide 
includes expression sequences (e.g., promoter, enhancer, splicing signals, Shine-Delgamo, etc.) 
sufficient to direct protein expression in the relevant animal. A wide variety of such sequences is 
known in the art. Once inside a cell, the polynucleotide is transcribed and translated in order to 

5 produce the protein antigen in situ. Production of the protein antigen leads to sensitization of the 
animal. In a preferred embodiment, the expression system (e.g., promoter, enhancer, splicing 
signals, etc.) and vector are matched to the species being sensitized. For example, if a mammal 
such as a mouse was to be the experimental model, the promoter used to drive protein production 
might be the cytomegalovirus (CMV) promoter. 
10 Multiple sensitizing antigens may be provided together or in series to generate an animal 

sensitized to more than one antigen. For example, it may be desirable to sensitize animals to 

^1 multiple different antigens that are found in nature in a single source. For instance, at least seven 

if" 

proteins have been identified in peanuts as potential antigens. Two of these, Ara h 1 and Ara h 2, 
S@ are recognized by more than 95% of peanut allergic patients (Burks et al. "Identification of soy 
1 protein allergens in patients with atopic dermatitis and positive soy challenges; determination of 

change in allergenicity after heating or enzyme digestion" Adv. Exp. Med. Biol. 289:295-307, 
n 1 991 ; Burks et al "Identification and characterization of a second major peanut allergen, Ara h 
1^ II, with use of the sera of patients with atopic dermatitis and positive peanut challenge" J. 

Allergy Clin. Immunol 90:962-969, 1992; Shin et al "Biochemical and structural analysis of the 

Li? 

20 IgE binding site on ara hi , an abundant and highly allergic peanut protein" J. Biol Chem. 
^ 273 : 13753-13759, 1998; each of which is incorporated herein by reference). A third protein, Ara 
h 3, is recognized by about 45% of peanut allergic patients (Rabjohn et al "Molecular cloning 
and epitope analysis of the peanut allergen ara h3 [In process citation]" J. Clin. Invest. 103:535- 
542, 1999; incorporated herein by reference). In a preferred embodiment, it may be desirable to 

25 create an animal sensitive to all these peanut antigens by administering all the antigens together 
(e.g., in a crude preparation or mixture) or individually. The different antigens may also be 
administered in different ratios, preferably with more of the less antigenic antigens being 
administered. 
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Modified versions of the antigens may also be used in the present invention. Any type of 
modification can be used. They may be biological or chemical. The antigen may contain 
unnatural amino acids; may be glycosylated, phosphorylated, hydroxylated, etc.; may be cross- 
linked; may contain mutations {e.g., substitutions, deletions); etc. 
5 An antigen fi"agment may also be used in the present invention to create the allergic 

animal model. An antigen fi-agment is a portion of the antigen that is smaller than the intact 
antigen. Compositions including antigen fi-agments will preferably contain either a sufficiently 
large number of antigen fi*agments or at least one antigen fi-agment that is sufficiently sized that 
the composition contains one or more immunologically relevant structural elements that are 
10 present in the intact antigen. As mentioned above, the antigen is preferably a protein, and the 

fragment is preferably a peptide. Preferred peptides are at least six amino acids long; particularly 
preferred peptides are at least about 10, 12, 15, 20, or 30 amino acids long. 

|;g Adjuvants 

1 5jrl In certain preferred embodiments of the invention, the sensitizing antigens are provided 

IJ1 with one or more immune system adjuvants, preferably selected to enhance sensitization. A 

SO 

J, large number of adjuvant compounds is known; a usefiil compendium of many such compounds 

is prepared by the National Institutes of Health and can be found on the world wide web 
nj (http:/www.niaid.nih.gov/daids/vaccine/pd£/compendium.pdf, incorporated herein by reference; 

2^ see also AlUson Dev. Biol. Stand, 92:3-1 1, 1998; Unkeless et al Annu. Rev, Immunol 6:251-281, 
1998; and Phillips et al Vaccine 10: 151-158,1992, each of which is incorporated herein by 
reference). Preferred adjuvants are characterized by an ability to stimulate Th2 responses 
preferentially over Thl responses and/or to down regulate Thl responses. In fact, in certain 
preferred embodiments of the invention, adjuvants that are known to stimulate Thl responses are 

25 avoided. Adjuvants which are known to stimulate Thl responses include, for example, 

preparations (including heat-killed samples, extracts, partially purified isolates, or any other 
preparation of a microorganism or macroorganism component sufficient to display adjuvant 
activity) of microorganisms such as Listeria monocytogenes or others (e.g., Bacille Calmette- 
Guerin [BCG], Corynebacterium species, Mycobacterium species, Rhodococcus species, 
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Eubacteria species, Bortadella species, and Nocardia species), and preparations of nucleic acids 
that include unmethylated CpG motifs (see, for example, U.S. Patent No. 5,830,877; and 
published PCT applications WO 96/02555, WO 98/18810, WO 98/16247, and WO 98/40100, 
each of which is incorporated herein by reference). Other adjuvants reported to induce Thl-type 

5 responses and not Th2-type responses include, for example, Aviridine (N,N-dioctadecyl-N'N'- 
bis (2-hydroxyethyl) propanediamine), and CRL 1005. Preferably, Th2-inducing agents are used 
including IL-4, aluminum phospate gel (Adju-Phos), Algammulin, aluminum hydroxide gel 
(Alhydrogel), Bay R1005, cholera toxin, cytokine-containing liposomes, gamma inulin, GM- 
CSF, Rehydragel HP A, and Rehydragel LV. 
10 In some embodiments of the invention, the adjuvant is associated (covalently or non- 

covalently, directly or indirectly) with the sensitizing antigen so that adjuvant and antigen can be 
delivered substantially simultaneously to the individual, optionally in the context of a single 

5,13 composition. In other embodiments, the adjuvant is provided separately. Separate adjuvant may 
be administered prior to, simultaneouly with, or subsequent to antigen. In certain preferred 
1 0 embodiments of the invention, a separate adjuvant composition is provided that can be utilized 

m with multiple different antigen compositions. 

^l''^ Where adjuvant and antigen are provided together, any association sufficient to achieve 

the desired immunomodulatory effects may be employed. Those of ordinary skill in the art will 
I'jj appreciate that covalent associations will sometimes be preferred. For example, where adjuvant 
2^J and antigen are both polypeptides, a fusion polypeptide may be employed. Those of ordinary 
j'.J== skill in the art will be aware of other potentially desirable covalent linkages. 


Administration 

The sensitizing composition {i.e., sensitizing antigen with or without any adjuvant and/or 
25 other factor or agent) may be administered to the animal using any available route and any 

dosing regiment. Known routes of administration included intravenous (IV), intraperitoneal (IP), 
intragastric (IG), sub-cutaneous (SQ), intramuscular (IM), oral (PO), rectal (PR), intrathecal, 
vaginal, and intranasal administration. Generally, it is preferred that the animal be sensitized by 
exposure to the antigen via the same route through which the organism (e.g., human) for which 
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the animal is a model, typically becomes exposed to the antigen in nature. Preferred methods of 
administering the sensitizing composition include intragastric, intramuscular, oral, and intranasal 
administration. A most preferable method of administration, particularly for food antigens, is 
intragastric administration. 
5 The dosing regiment of this invention includes any protocol which sensitizes the animal 

to the presented antigen. At least one dose of the sensitizing composition is administered to the 
animal, but the sensitization may include up to fifty administrations of the sensitizing 
composition. Preferably, less than 10 administrations of the sensitizing composition are required 
to sensitize the animal. Even more preferably, less than 5, or most preferably less than 3 
10 administrations are required. As appreciated by one skilled in this art, the dosing regiment may 
depend on a number of factors. These factors include, for example, the antigen being presented, 
the level of sensitization desired, the adjuvant being used, the method of administration, the 
t jl animal chosen as the model, the amount of antigen given per administration, etc. 

The amount of antigen administered per dose may range fi-om 0.001 mg/g body mass to 
ISp 10 mg/g body mass. Preferably, the dosage used ranges from 0.01 mg/g body mass to 5 mg/g 
\ \% body mass. More preferably, the dosage used ranges from 0.1 mg/g body mass to 2 mg/g body 
mass. Those of ordinary skill in the art will be aware of techniques, including those described 
herein, for delivering the optimum sensitizing dose and protocol. For example, a known amount 
j'j I of antigen may be administered, followed by measurement of the antigen-specific IgE in sera, 
2^ assessment of hypersensitivity responses, detection of vascular leakage, determination of plasma 
histamine levels, testing for passive cutaneous anaphylaxis, quantitation of cytokine proteins, 
examination of histology of mast cells, and/or determination of serum antigen concentration. 

Where an animal is sensitized with a nucleic acid encoding a protein antigen, the 
preferred amount of DNA per dose ranges 0.01 g to 1 mg DNA, Preferably, the amount of 
25 DNA per dose is 0. 1 g to 1 00 g DNA; and more preferably, the amount of DNA per dose is 1 
g to 50 g DNA. If RNA is to be used as the encoding nucleic acid, more RNA may need to be 
administered due to the short half-life of RNA in vivo. 

The sensitization method may employ a combination of antigen per se and DNA 
encoding the antigen. They may be administered at the same time or separately. 
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The sensitizing composition may be formulated as a pharmaceutical composition as 
discussed below. 

Identification of Agents that Alter Establishment and/or Maintenance of a Sensitized State 
5 The inventive sensitized animals provide models of allergic reactions that can be used 

both to analyze the features of allergy and to identify agents that can alter the establishment 
and/or maintenance of an allergic state. 

Agents that can be used in this method include peptides, proteins, polynucleotides, agents 
secreted by bacteria, modified proteins, modified peptides, collections of peptides, encapuslated 
10 antigens, small organic molecules, chemical compounds, lipids, carbohydrates, etc. 

In a particularly preferred embodiment of the present invention, the agents are chemical 
compounds. These chemical compounds may be provided by any known method in the art 
, J including traditional synthesis, derviatizing known compounds, using existing libraries of 
5';;' compounds, purchasing known commercially available compounds, combinatorial chemistry, 
1 SI etc. The agents may also be provided in the form of a collection of chemical compounds such as 
a combinatorial chemistry library. The compounds may be provided in any form (e.g., salt, ester, 
^^^"^ derivative). 

V. 

hJ« In another particularly preferred embodiment, the agent is a modified protein. The 

protein has been modified when compared to the wild type sequence so that the IgE binding sites 
2® have been removed or reduced in number. Exemplary agents are further described in patent 
\i applications USSN 09/247,406, filed February 10, 1999; USSN 09/141,220, filed August 27, 
1998; USSN 09/478,668, filed January 6, 2000; and USSN 09/240,557, filed January 29, 1999, 
each of which is incorporated herein by reference. 

In another preferred embodiment, the agent comprises a collection of peptides that span 
25 the sequence of a known protein antigen. The collection of peptides may be selected so that the 
IgE binding sites are removed, disrupted, or are of a limited number on any given peptide. 
Exemplary collections of peptides are described further in U.S. patent application USSN 
09/455,294, filed December 6, 1999, which is incorporated herein by reference (see Examples 2 
and 3). 
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In another preferred embodiment, the agent is a protein antigen which has been 
encapsulated. The encapsulated protein antigen is hidden from the mast cells while being 
available to antigen presenting cells for uptake and processing. This approach to desensitization 
is described in detail in U.S. patent application USSN 60/169,330, filed December 6, 1999, 
5 incorporated herein by reference. 

In yet another preferred embodiment, the agent comprises a substance that will occupy all 
the IgE binding sites of the immune system and thereby prevent binding of the offending IgE. 
This approach is described in detail in U.S. patent apphcation USSN 09/090,375, filed June 4, 
1998, incorporated herein by reference. 
10 In another preferred embodiment, the agent masks the IgE binding sites of the antigen 

and does not crosslink IgE. This agent may be given in combination with the offending antigen, 
j.,^^ These agents are described in U.S. patent application USSN 09/216,1 1 7, filed December 1 8, 

1 998, incorporated herein by reference. 

g'l In another preferred embodiment, the agent comprises dendritic cells that have been 

1 ^ removed from the sensitized individual and treated in such a way as to lead to tolerance for the 

U1 antigen when they are placed back into the individual. This strategy is described further in U.S. 

W 

„ patent application USSN 09/290,029, filed April 9, 1999, incorporated herein by reference, 
l'^ In another preferred embodiment, the agent comprises an antigen combined with an 

11,1 adjuvant. The adjuvant is selected to accelerate immunotherapy, e.g., by promoting a Th2 
2g response. U.S. patent application USSN 09/339,068, filed June 23, 1999, incorporated herein by 
s"^' reference, describes using heat killed Listeria monocytogenes as an adjuvant, and U.S. patent 
applications USSN 60/125,071, filed March 17, 1999, and USSN 60/124,595, filed March 16, 

1999, each of which is incorporated herein by reference, describe using nucleotide sequences 
{e.g., CpG) as an adjuvant. 

25 In another preferred embodiment, the agent comprises a bacterium that produces and/or 

secretes the offending protein antigen in small quantities. Such bacteria themselves may also act 
as adjuvants. Such a combination of antigen and adjuvant should lead to desensitization of the 
treated patient. 
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Agent(s) to be tested are administered to the inventive sensitized animal before, during, 
or after the sensitization process. For example, an agent that is found to prevent or reduce an 
inmiune response to a particular antigen when the compound is administered before sensitization 
might be used as a vaccination. Any of the routes described above in administering an antigen 
5 may be used to deliver the agent. 

Those of ordinary skill in the art will appreciate that any of a variety of assays may be 
employed to assess the effect of the test agent. These include measurement of serum Ag-specific 
antibodies, observation of the animal, assessment of hypersensitivity responses, detection of 
vascular leakage, determination of plasma histamine levels, histologic studies, passive cutaneous 
10 anaphylaxis (PCA) test, quantitation of cytokines, and two-dimensional gel electrophoresis and 
immunob lotting. A person of skill in this art will be familiar with appropriate controls and such 
i'..^^ techniques for such assays including, for example, testing before and after administration of the 
agent, and before and after the sensitization process. 

m 

1 Sjlj Animal Model of Skin Disorders 

Certain preferred sensitized animals of the present invention as described herein may be 
ij used to study skin disorders. The skin disorder may be characterized by hair loss, redness, 
I'lj' warmth, itching, exfoliation, etc. For example, as described below in Example 1, inventive mice 

f iJ sensitized to milk allergen will develop a skin disorder characterized by hair loss when fed chow 

G 

2^^ containing small amounts of the relevant antigen. According to the present invention, an animal 
model of a skin disorder may be provided by sensitizing an animal to an antigen and then 
exposing the animal, preferably over a continuous period, to small smounts of the antigen. 

25 Methods of Detecting the Presence of Antigen in a Product 

The sensitized animals may be used to detect small quantities of the sensitizing antigen in 
a product. The sensitized animal is contacted with the product to be tested, and the animal is 
assessed to determine its immune response to the antigen. This assessment may include 
laboratory tests or simple observation of the animal. In particular, the assessment may include 
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measurement of serum Ag-specific antibodies, assessment of hypersensitivity responses, 
detection of vascular leakage, determination of plasma histamine levels, histologic studies, 
passive cutaneous anaphylaxis (PC A) test, quantitation of cytokines, observation of the animal, 
assessment of breathing and respiration, and two-dimensional electrophoresis and 
5 inamunoblotting. 

The products that may be tested using this method include any composition of matter. 
Some examples include food products, cosmetic compostions, personal hygiene products, 
pharmaceutical compositions, detergents, soaps, plastics, polymers, chemical compounds, 
perfumes, textiles, gloves, medical devices, etc, 

10 

Pharmaceutical compositions 

Pharmaceutical compositions for use in accordance with the present invention may 

sJI include a pharmaceutically acceptable excipient or carrier. As used herein, the term 

■ 

"pharmaceutically acceptable carrier" means a non-toxic, inert solid, semi-sohd or hquid filler, 
1 diluent, encapsulating material or formulation auxiliary of any type. Some examples of materials 
[j'l which can serve as pharmaceutically acceptable carriers are sugars such as lactose, glucose, and 
sucrose; starches such as com starch and potato starch; cellulose and its derivatives such as 

fi 

sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; 

\'-^ 

^'Ij malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such as peanut oil, 

i*lla 

2|(^' cottonseed oil; safflower oil; sesame oil; olive oil; com oil and soybean oil; glycols; such as 
j"f» propylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as 
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic 
saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic 
compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as well as coloring 
25 agents, releasing agents, coating agents, sweetening, flavoring and perfuming agents, 

preservatives and antioxidants can also be present in the composition, according to the judgment 
of the formulator. The pharmaceutical compositions of this invention can be administered to 
humans and/or to other animals, orally, rectally, parenterally, intracistemally, intravaginally, 
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intraperitoneally, topically (as by powders, ointments, or drops), bucally, or as an oral or nasal 
spray. 

Liquid dosage forms for oral administration include pharmaceutically acceptable 
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the active 
5 compounds, the liquid dosage forms may contain inert diluents commonly used in the art such 
as, for example, water or other solvents, solubilizing agents and emulsifiers such as ethyl 
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, 
propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed, 
groundnut, com, germ, olive, castor, and sesame oils), glycerol, tetrahydrofiirfuryl alcohol, 
10 polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof Besides inert 

diluents, the oral compositions can also include adjuvants such as wetting agents, emulsfying and 
suspending agents, sweetening, flavoring, and perfuming agents, 
t,g Injectable preparations, for example, sterile injectable aqueous or oleaginous suspensions 

may be formulated according to the known art using suitable dispersing or wetting agents and 
l^S suspending agents. The sterile injectable preparation may also be a sterile injectable solution, 

m 

Ij'l suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for example, as a 

solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed 
H are water. Ringer's solution, U.S. P. and isotonic sodium chloride solution. In addition, sterile, 
^^'Ij fixed oils are conventionally employed as a solvent or suspending medium. For this purpose any 
2^1 bland fixed oil can be employed including synthetic mono- or diglycerides. In addition, fatty 
y-- acids such as oleic acid are used in the preparation of injectables. 

The injectable formulations can be sterilized, for example, by filtration through a 
bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid 
compositions which can be dissolved or dispersed in sterile water or other sterile injectable 
25 medium prior to use. 

In order to prolong the effect of an agent, it is often desirable to slow the absorption of 
the drug firom subcutaneous or intramuscular injection. This may be accomphshed by the use of 
a liquid suspension of crystalline or amorphous material with poor water solubility. The rate of 
absorption of the agent then depends upon its rate of dissolution which, in turn, may depend 
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upon crystal size and crystalline form. Alternatively, delayed absorption of a parenterally 
administered drug form is accomplished by dissolving or suspending the drug in an oil vehicle. 
Injectable depot forms are made by forming microencapsule matrices of the drug in 
biodegradable polymers such as polylactide-polyglycolide. Depending upon the ratio of agent to 

5 polymer and the nature of the particular polymer employed, the rate of release of the agent can 
be controlled. Examples of other biodegradable polymers include poly(orthoesters) and 
poly(anhydrides) Depot injectable formulations are also prepared by entrapping the drug in 
liposomes or microemulsions which are compatible with body tissues. 

Compositions for rectal or vaginal administration are preferably suppositories which can 
10 be prepared by mixing the compounds of this invention with suitable non-irritating excipients or 
carriers such as cocoa butter, polyethylene glycol or a suppository wax which are solid at 
ambient temperature but liquid at body temperature and therefore melt in the rectum or vaginal 
cavity and release the active compound. 

^ijlJ Solid dosage forms for oral administration include capsules, tablets, pills, powders, and 

151 granules. In such solid dosage forms, the active compound is mixed with at least one inert, 

& 

I i*; pharmaceutically acceptable excipient or earner such as sodium citrate or dicalcium phosphate 

'•5 and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and sihcic 

acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin, 

j'j; polyvinylpyrrolidinone, sucrose, and acacia, c) humectants such as glycerol, d) disintegrating 

2^^ agents such as agar -agar, calcium carbonate, potato or tapioca starch, alginic acid, certain 

o 

luu siUcates, and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption 

accelerators such as quaternary anmionium compounds, g) wetting agents such as, for example, 
cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and i) 
lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium 
25 lauryl sulfate, and mixtures thereof In the case of capsules, tablets and pills, the dosage form 
may also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in soft and 
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high 
molecular weight polyethylene glycols and the like. 
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The solid dosage forms of tablets, dragees, capsules, pills, and granules can be prepared 
with coatings and shells such as enteric coatings and other coatings well known in the 
pharmaceutical formulating art. They may optionally contain opacifying agents and can also be 
of a composition that they release the active ingredient(s) only, or preferentially, in a certain part 
of the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions 
which can be used include polymeric substances and waxes. 

Solid compositions of a similar type may also be employed as fillers in soft and 
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high 
molecular weight polethylene glycols and the like. 

The compounds can also be in micro-encapsulated form with one or more excipients as 
noted above. The sohd dosage forms of tablets, dragees, capsules, pills and granules can be 
prepared with coatings and shells such as enteric coatings, release controlling coatings and other 
coatings well known in the pharmaceutical formulating art. In such solid dosage forms the active 
compound may be admixed with at least one inert diluent such as sucrose, lactose or starch. 
Such dosage forms may also comprise, as is normal practice, additional substances other than 
inert diluents, e.g., tableting lubricants and other tableting aids such a magnesium stearate and 
microcrystalline cellulose. In the case of capsules, tablets and pills, the dosage forms may also 
comprise buffering agents. They may optionally contain opacifying agents and can also be of a 
composition that they release the active ingredient(s) only, or preferentially, in a certain part of 
the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions 
which can be used include polymeric substances and waxes. 

Dosage forms for topical or transdermal administration of an inventive pharmaceutical 
composition include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, 
inhalants, or patches. The active component is admixed under sterile conditions with a 
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be required. 
Ophthalmic formulation, ear drops, and eye drops are also contemplated as being within the 
scope of this invention. 

The ointments, pastes, creams and gels may contain, in addition to an active compound of 
this invention, excipients such as animal and vegetable fats, oils, waxes, paraffins, starch. 
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tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc and 
zinc oxide, or mixtures thereof. 

Powders and sprays can contain, in addition to the compounds of this invention, 
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and 
5 polyamide powder, or mixtures of these substances. Sprays can additionally contain customary 
propellants such as chlorofluorohydrocarbons. 

Transdermal patches have the added advantage of providing controlled delivery of a 
compound to the body. Such dosage forms can be made by dissolving or dispensing the 
compound in the proper medium. Absorption enhancers can also be used to increase the flux of 
10 the compound across the skin. The rate can be controlled by either providing a rate controlling 
membrane or by dispersing the compound in a polymer matrix or gel. 

These and other aspects of the present invention will be further appreciated upon 
consideration of the following Examples, which are intended to illustrate certam particular 
l||l! embodiments of the invention but are not intended to limit its scope, as defined by the claims. 


m 

J, Examples 

11J Example 1 

G 

20^ A Murine Model of Milk Anaphylaxis 

Introduction 

This Example describes the development of a mouse model system for anaphylactic milk 
allergy. This system may be employed in accordance with the present invention to identify and 
characterize compositions capable of desensitizing and/or vaccinating individuals from milk 
25 allergy. This system may also be empolyed to study skin disorders when the mice are fed low 
levels of milk antigen. 

Materials and Methods 
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MICE AND MATERIALS: Female C3H/HeJ mice, 3 weeks of age (immediately after 
weaning), were purchased from the Jackson Laboratory (Bar Harbor, Me.) and maintained on 
regular mouse chow under specific pathogen-free conditions. Guidelines for the care and use of 
the animals were followed (Institute of Laboratory Animal Resources Commission on Life 
5 Sciences, National Academy Press, 1 996). 

Homogenized cow's milk (CM; GAF Seelig Inc) was used. Cholera toxin (CT) was 
purchased from List Biological Laboratories, Inc (Campbell, CA). Concanavalin (Con A) and 
albumin, human-dinitrophenyl (DNP)-albumin were purchased from Sigma (St Louis, Mo.). 
Antibodies for ELISAs were purchased from the Binding Site Inc. or PharMingen (San Diego, 
10 CA). Anti-DNP IgE was purchased from Accurate Scientific Inc, 

SENSITIZATION AND CHALLENGE BY ORAL ADMINISTRATION OF ANTIGEN: Mice were 

^ sensitized intragastrically with CM plus CT as an adjuvant and boosted 5 times at weekly 

intervals. Intragastric feeding was performed by means of a stainless steel blunt feeding needle 
jj; (Fine Science Tool Inc.) To determine the optimum sensitizing dose, mice received 0.01 mg 
1 (equivalent to the milk protein contained in homogenized CM) per gram of body weight (very 

low dose), 0. 1 mg/g (low dose), 1 .0 mg/g (medium dose), or 2 mg/g (high dose) of CM together 
I* J with 0.3 g/gofCT. The CM/CT mixtures were administered in PBS at a final volume of 0.03 
mL/g body weight. Control mice received CT alone or were left untreated. Six weeks after the 
j4 first feeding, mice were fasted over night and challenged intragastrically with 2 doses of CM (30 
mg/mouse) given 30 minutes apart, 

MEASUREMENT OF CM-SPECIFIC IGE IN SERA: Blood was obtained weekly from the tail 
vein during the sensitization period and 1 day before challenge. Sera were collected and stored at 
-80 °C. Levels of CM-specific IgE were measured by ELISA as described previously (Li et aL, 
J. Immunol 160:1378-84, 1998). Immulon II 96-well plates (Dynatech Laboratories, Inc. 
25 Chantilly, Va.) were coated with 20 g-mL purified cow milk protein (CMP) (Ross Laboratories, 
Columbus, Ohio) in coating buffer, pH 9.6 (Sigma). After overnight incubation at 4 °C, plates 
were washed 3 times with PBS/0.05% Tween 20 and blocked with 1% BSA-PBS for 1 hour at 37 
°C. After washing 3 times, serum samples (1:10 dilutions) were added to the plates and 
incubated overnight at 4 °C. Plates were then washed, and 100 L of donkey anti-goat IgG 
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antibody conjugated with peroxidase (0.3 g/mL) was added for an additional 1 hour at 37 °C. 
The reactions were developed with TMB (Bio-Rad Laboratories, Hercules, CA) for 30 minutes 
at room temperature (RT), stopped with the addition of 1 N H2SO4, and read at 450 nm. The 
levels of IgE were calculated by comparison with a reference curve generated by using mouse 
5 mAbs (anti-DNP IgE), as previously described (Li et aL, J. Immunol. 160:1378-84, 1998). All 
analyses were performed in dupHcate. 

ASSESSMENT OF HYPERSENSITIVITY RESPONSES: Symptoms of systemic anaphylaxis 
appeared within 15 to 30 minutes and reached a peak at 40 to 50 minutes after the first symptoms 
appeared. Symptoms were evaluated by using a scoring system modified slightly from previous 
10 reports and scored as follows: 0 = no symptoms; 1 = scratching and rubbing around the nose and 
head; 2 = puffiness around the eyes and mouth, pilar erecti, reduced activity, and/or decreased 
activity with increased respiratory rate; 3 = wheezing, labored respiration, and cyanosis around 
the mouth and the tail; 4 = no activity after prodding or tremor and convulsion; and 5 = death. 
i;g DETECTION OF VASCULAR LEAKAGE: Immediately before the second intragastnc 

1 1{ challenge with CM, 2 to 4 fi-om each group received 1 00 L of 0.5% Evan's blue dye by tail vein 

injection. Footpads and intestines of mice were examined for signs of vascular leakage (visible 
li ' blue color) 30 to 40 minutes after dye/antigen administration. 

DETERMINATION OF PLASMA HISTAMINE LEVELS: Thirty minutes after challenge, blood 
llj was collected into chilled tubes containing 30 to 40 L of 7.5% potassium-EDTA. After 
2^ centrifiigation (1500 rpm) for 10 minutes at 4*^0, plasma aliquots were collected and frozen at - 
80°C. Histamine levels were determined by using an enzyme immunoassay kit (ImmunoTECH 
Inc), as described by the manufacturer. 

PASSIVE CUTANEOUS ANAPHYLAXIS (PCA) TEST: Sera were obtained from 4 to 6 mice 
sensitized to CM (1 mg/g) plus CT and pooled. PCA tests were performed as previously 
25 described (Saloga et aL, J. Clin. Invest. 91:133-40, 1993), with slight modification. Briefly, the 
abdomens of naive mice were shaved 1 day before intradermal injection of 50 L of heated (56 
^'C for 3 hours) and unheated sera (1:5 dilution). Control mice received an equal amount of 
diluted naive serum. Twenty four hours later, mice were injected intravenously with 100 L of 
0.5% Evan's blue dye, immediately followed by an intradermal injection of 50 L of CMP (4 
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mg/mL). Thirty minutes after the dye/CMP injection, the mice were killed, the skin of the belly 
was inverted, and reactions were examined for visible blue color. A reaction was scored as 
positive if the bluing of the skin at the injection sites was greater than 3 mm in diameter in any 
direction. 

5 DETERMINATION OF SERUM ANTIGEN CONCENTRATION: To analyze intestinal permeability 

to casein, blood was collected from CM-sensitized (1 mg/g plus CT) or control mice 3 hours 
before and 30 to 40 minutes after intragastric challenge with CM. Sera were prepared and stored 
at -80 °C. Levels of immunologically active casein in serum were measured by inhibition ELISA 
as previously described (Sampson et al., J. Pediatr. 118:520-5, 1991). Briefly, Immulon II 96- 
1 0 well plates were coated with 0. 1 g/mL of casein in coating buffer (Sigma). After ovemight 
incubation at 4 °C, plates were washed with 0.002 mol/L imi2adole/0.02% Tween 20 and 
blocked with 0.07% ovalbumin at RT for 1 hour. Serum samples (1 :20 dilution) or casein 

3 standards (8 dilutions from 30 g/mL to 0.1 g/mL) were incubated with rabbit anti-casein 

jl (1:1 50,000 dilution) antisera (Ross Laboratories) at 37 °C for 2 hours and were then added to the 
1 plates (100 mL/well). After incubation for 1 hour at RT, plates were washed. One hundred 

yi microliters of horseradish peroxidase-labeled goat anti-rabbit IgG (1 :500 dilution; Sigma) was 

^ added and incubated for 1 hour at RT. The plates were subsequently washed, and TMB 
microwell peroxidase substrate (KPL, Gaithersburg, Md) was added and incubated for 15 

I'j*; minutes at RT. The reaction was stopped by the addition of TMB One Component Stop Solution 
2|^^ (KPL) and read at 450 nm. The casein concentrations were determined by comparison with a 

|<.i= standard curve. 

HISTOLOGY; Mast cell degranulation during systemic anaphylaxis was assessed by 
examination of ear samples collected immediately after anaphylaxis-related death or 40 minutes 
after challenge from surviving mice as previously described (Snider et ai, J. Immunol 153:647- 
25 57, 1994). Tissues were fixed in 4% phosphate-buffered formaldehyde (pH 7.2), and 5 m 

paraffin sections were stained with toluidine blue or Giemsa stain. A degranulated mast cell was 
defined as a toluidine- or Giemsa-positive cell with 5 or more distinct stained granules 
completely outside of the cell. One section from each of 3 sites of each mouse ear was examined 
by light microscopy at 400X magnification by an observer unaware of their identities. Two 
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hundred to 400 mast cells were classified for each ear sample. For assessment of intestinal mast 
cell degranulation, jejunal samples were fixed in Camoy's solution and stained with toluidine 
blue or Giemsa. 

For assessment of pathologic alterations, jejunum and lung samples were fixed in neutral- 
5 buffered formaldehyde and embedded in paraffin. Five-micrometer sections were stained with 
hematoxylin and eosin (H and E) and periodic acid-Schiff (PAS) reagent. 

Mice were tested for immediate active cutaneous hypersensitivity (lACH) reactions by 
intradermal skin test 6 weeks after the initial sensitization with CM (1 mg/g plus CT), as 
previously described with a slight modification (Saloga et aL, J. Clin. Invest. 91 : 133-40, 1993; 
10 Hsu et aL, Clin. Exp. Allergy 26:1329-37, 1996). Briefly under anesthesia the skin of the belly 
was shaved 1 day before the test. For each skin test, 50 L of CMP (4 mg/mL) was injected 
intradermally with a 30-gauge needle while the skin was stretched taut. Antigen concentrations 
»i were determined by serial titration to produce consistent wheal reactions. PBS was used as a 
negative control. The wheal reactions were assessed 30 minutes after intradermal injection with 
CM. A reaction was scored as positive if the wheal diameter was greater than 3 mm in any 
direction. Evaluations of wheat formation were carried out in a blinded fashion. 
0.1 QUANTITATION OF CYTOKINE PROTEINS: Spleens were removed fi-om mice allergic to CM 

|n(. after challenge. Cells were isolated and suspended in complete culture medium (RPMl-1640 
|!jt plus 10% fetal bovine serum, 1% penicillin/streptomycin, and 1% glutamine). Cell suspensions 
2p were cultured in 24- well plates (2 X lOVwell/mL) in the presence or absence of CMP (50 
jill^ g/mL) or Concanavalin A (Con A; 2 g/mL). The supematants were collected after 72 hours of 
culture. Levels of IFN- , IL-4, and IL-5 were determined by ELISA, according to the 
manufacturer's instructions (Pharmigen) and as previously described (Li et al., J. Immunol. 
157:3216-9, 1996; Li etal.,J. Immunol. 160:1378-84, 1998). 
25 STATISTICAL ANALYSIS: Statistical significance (P < 0.05) was determined by t test, 

ANOVA, or Mann- Whitney U test (rank-sum test). All statistical analyses were performed with 
GraphPad Prism (GraphPad Prism Software, Inc. San Diego, CA). 

Results 
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CM-SPECIFIC IgE responses AFTER INTRAGASTRIC CM SENSITIZATION: To investigate the 
kinetics of IgE production in the development of CMH, serum CM-specific IgE was monitored 
weekly by ELISA. Mice sensitized with the medium dose (1 mg/g) of CM plus CT developed 
significant (P > 0.01) increases in antigen-specific IgE by 3 weeks, which peaked at 6 weeks 
5 after the initial sensitization (Figure 1). Significantly lower levels of antigen-specific IgE were 
induced by both a higher dose (2 mg/g) and lower doses (0.01, 0.1 mg) of CM plus CT. 

CHARACTERIZATION OF SYSTEMIC ANAPHYLAXIS AFTER CHALLENGE: Six weeks after 

initial sensitization (the time of peak IgE response), the mice were challenged intragastrically 
with CM. Systemic anaphylactic symptoms were evident within 15 to 30 minutes. The severity 

10 of anaphylaxis was scored as indicated above. Consistent with the IgE responses, the most 
severe reactions were also observed in mice sensitized with the medium dose (1 mg/g) of CM 
^ plus CT (Figure 2). Mice sensitized with the higher and lower doses showed weaker reactions, 
indicating that the severity of anaphylaxis in this model was associated with the concentration of 

jijIJ CM-specific IgE. CT sham-sensitized mice and najfve mice showed no anaphylactic reactions 
^^^^ challenge. These findings demonstrate that the antigen dose influences the intensity of 
response to oral sensitization and challenge. Taken together, we concluded that sensitization 
with CM at the dose of 1 mg/g body weight was optimal, and this dose was used in the remainder 

El 

f'=i» of the studies, 

E'lj VASCULAR LEAKAGE AFTER CHALLENGE OF SENSITIZED MICE: Increased vascular 

M permeability, induced by vasoactive mediators such as histamine, is a hallmark of systemic 
luk anaphylaxis. Extensive Evan's blue dye extravasation was evident in footpads of CM-sensitized 
mice, but not CT sham-sensitized mice, after oral challenge (data not shown). 

ELEVATED PLASMA HISTAMINE LEVEL AFTER CHALLENGE OF SENSITIZED MICE: Plasma 

histamine levels were significantly increased in CM-sensitized (1 mg/g plus CT) mice (4144 ± 
25 1244 nmol/L) after challenge when compared with CT sham-sensitized (661 ± 72 nmol/L) and 
naive mice (525 ± 84 nmol/L). These results suggest that histamine is one of the major 
mediators involved in the anaphylaxis in this model. 

INCREASED MAST CELL DEGRANULATION AFTER CHALLENGE OF SENSITIZED MICE: 
Histologic analysis of mouse ear fissue showed many degranulated mast cells in CM-sensitized 
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and challenged mice, but not control mice (data not shown). The percentage of degranulated 
mast cells was approximately 9 times greater than that in the PCX sham-sensitized group (Figure 
3) . These results were consistent with the findings of elevated levels of plasma histamine after 
challenge of CM-sensitized mice, demonstrating that mast cell degranulation and consequent 
5 histamine release are involved in the induction of systemic anaphylaxis in this model. 

PCA reactions: Because antigen-specific IgE levels were associated with the severity of 
anaphylaxis, we hypothesized that IgE, and not IgGl, was responsible for the induction of CMH. 
To confirm this possibility, PCA testing was performed. Injection PCA reactions, which were 
eliminated by heat inactivation of immune sera (Table I). These results demonstrate that IgE is 
10 the reaginic antibody in this model. 


O 

1:3 

m 
m 


Table L PCA Reactions after injection of heated or unheated immune sera 

DONOR 

HEAT 

DIAMETER (MM) 

POSITIVE 

% 

IMMUNIZATION 

INACTIVATION 

MEAN± SEM 

REACTION 





n/total 


CM+CT 


8.87±1.14* 

8/8 

100 

CM±CT 

+ 

0.58 ± 0.42 

0/6 

0 

Naive 


0.7 ± 0.37 

0/5 

0 


CM-immune sera were obtained from mice sensitized intragastrically with CM (1 mg/g plus CT). Naive 
C3H/HeJ mice (n==5 to 8) received heated or nonheated CM immune sera or naive mouse sera followed 
by CMP/Evan's blue dye administration. PCA reactions were assessed 30 minutes later. A reaction was 
scored as positive if the bluing of the skin at the injection sites was greater than 3 mm in diameter in any 
direction. 

*P < .001 versus heated immune sera. 


CHARACTERIZATION OF INTESTINAL REACTIONS: Increased intestinal permeability after 
20 intragastric CM challenge. Altered permeability was assessed in 2 ways: increased mucosal 
permeability by measurement of serum casein levels and increased intestinal vascular 
permeability by Evan's blue dye extravasation. Before intragastric challenge with CM, serum 
casein levels were comparable in CM-sensitized mice (41 ± 20 ng/mL) and in CT control mice 
(42 ± 12 ng/mL). However, 30 to 40 minutes after challenge, levels of serum casein in CM- 
25 sensitized mice (7890 ± 256 ng/mL) undergoing anaphylaxis were significantly higher than those 
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of the control mice (205 ± 23 ng/ML), demonstrating that increased mucosal permeability is a 
characteristic of this model. Intestines from CM-sensitized mice challenged intragastrically and 
injected with Evan's blue exhibited dark blue discoloration, whereas naive mice receiving the 
same antigen/dye administration did not. These results indicate that mucosal and vascular 

5 permeability are increased in intestines in this model of milk allergy. 

HISTOLOGIC ANALYSIS OF INTESTINE: Histologic examination of the small intestines 
revealed marked vascular congestion and edema of the lamina propria and, in some areas, 
sloughing of enterocytes at the tips of the villi (data not shown). The histologic appearance was 
essentially the same as that described in intestinal anaphylaxis in rats (D'lnca et al.. Int. Arch. 

10 Allergy Appl. Immunol 91:270-7, 1990; Levine et al, Int. Arch. Allergy Immunol 1 15:312-5, 
1998). Only a small number of mast cells were observed in the intestines of normal and allergic 

Q mice, and most of these were scattered within the serosa. Mast cells were not present within villi 
and were rarely observed at the base of the crypts. This finding is consistent with prior 

l!S histochemical and immunohistochemical studies of normal mouse intestines (Carroll et ai. Int. 

l|;j Arch. Allergy Appl Immunol 74:311-7, 1984; Scudamore ^je/., ^/w. / Pathol 150:1661-1672, 

y I 1997). In contrast to the significant numbers of mast cells detected in skin of the same animals, 

zi the small numbers of intestinal mast cells precluded analysis of anaphylaxis-induced 
degranulation. 

S'-'^ CHARACTERIZATION OF PULMONARY RESPONSES: We observed that CM-induced immediate 

Q 

2^ reactions in this model were frequently accompanied by respiratory symptoms, such as wheezing 
^' ' and labored respiration. Histologic examination revealed that lungs from these animals were 
markedly inflamed and contained large numbers of perivascular and peribronchial lymphocytes, 
monocytes, and eosinophils when compared with control mice (data not shown). Increased 
numbers of PAS-positive goblet cells were present in bronchi and bronchioles. In some instances 
25 the bronchial lumen appeared to be filled with mucus. These lungs exhibited essentially the 
same appearance as lungs from mice sensitized intraperitoneally and challenged by the 
intratracheal route (Li et al, J. Immunol, 160:1378-84, 1998; Gavett et al. Am. J. Physiol 
272:L253-61, 1997). 
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INDUCTION OF lACH AFTER ORAL CM CHALLENGE IN SENSITIZED MICE: It has been 
demonstrated that lACH reactions are associated with IgE-induced mast cell degranulation. 
Thus the lACH has been used for the rapid evaluation of immediate allergic reactions (Saloga et 
al.,J. Clin. Invest. 91:133-40, 1993; Hamelmann a/., 7. Exp. Med. 183:1719-29, 1996). 
5 Because the first sign of reactions after intragastric challenge was scratching in most of the mice, 
we performed skin tests at the time of challenge to characterize the skin reactions. Five of 7 
(71.4%) CM-sensitized mice experienced lACH-positive reactions after intradermal CMP 
injection. In contrast, lACH reactions were not induced in CM-sensitized mice after intradermal 
injection of PBS or in naive mice after intradermal injection of CMP. 

10 INCREASED Th2 - TYPE CYTOKINE RESPONSES: To determine the role of T cells and 
cytokines in the development of CMA, we examined the production of cytokines by spleen cells 
from mice allergic to CM stimulated in vitro with CMP. After 72 hours in culture. IL-4 and IL- 
5 levels were significantly (P<0.001) increased in CMP-stimulated cultures (44 and 68 pg/mL, 

jtjjj respectively) when compared with unstimulated cells (undetectable). In contrast, IFN- levels in 
1^;J CM-stimulated and unstimulated spleen cells (10 and 14 pg/mL, respectively) were essentially 

11 the same (P >0.5). 
SKIN DISORDER: When the sensitized mice were fed chow containing low levels of milk 


f ' antigen, the mice developed a skin disorder. The skin disorder included loss of hair. The skin 

I'U disorder resolved upon feeding the mice mi Ik- free chow. Maintaining the mice on chow 

n 

2jOj containing low levels of the sensitizing antigen may provide for an animal model of skin 

i"^' disorders. 


Example 2 
A Murine Model of Peanut Anaphylaxis 

25 Introduction 

This Example describes the development of a mouse model system for anaphylactic peanut 
(PN) allergy. This system may be employed to identify and characterize chemical compounds 
capable of desensitizing and/or vaccinating individuals with peanut allergy. 
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Materials and Methods 

MICE AND REAGENTS: Female C3H/HeJ mice, 5 weeks (wk) of age were purchased from the 
Jackson Laboratory (Bar Harbor, ME) and maintained on PN-free chow, under specific 
pathogen- free conditions. Standard guidelines (Institute of Laboratory Animal Resources 
5 Commission of Life Sciences NRC. Guide for the Care and Use of Laboratory Animals. National 
Academy Press, 1996) for the care and use of animals were followed. 

Freshly ground whole PN (PN) was employed as antigen (Ag). Crude PN extract, Ara hi 
and Ara h 2 were prepared as described previously (Burks et al. "Identification of soy protein 
allergens in patients with atopic dermatitis and positive soy challenges; determination of change 
10 in allergenicity after heating or enzyme digestion" Adv. Exp. Med. Biol. 289:295-307, 1991; 

Burks et al, "Identification and characterization of a second major peanut allergen, Ara h II, with 
use of the sera of patients with atopic dermatitis and positive peanut challenge" J. Allergy Clin. 

iJI Immunol. 90:962-969, 1992). Cholera toxin was purchased from List Biological Laboratories, 

if I 

Inc (Campbell, CA). Concanavalin A (Con A), Dinitrophenyl-albumin (DNP-albumin) were 
rsjj purchased from Sigma (St. Louis, MO). Antibodies for ELISAs were purchased from the 
l/fl Binding Site Inc. or PharMingen (San Diego, CA). 


1"^= INTRAGASTRIC SENSITIZATION AND CHALLENGE: Mice Were scnsitized by intragastric gavage (ig) 
fjj with 5 mg (equivalent to 1 mg of PN protein, low dose), or 25 mg (equivalent to 5 mg of PN 


1'='= and again on day 7. Three weeks following the initial sensitization, mice were fasted over night 
and challenged by ig with crude PN extract, 10 mg/mouse divided in 2 doses at 30-40 min. 
intervals. CT sham sensitized mice and naive mice were challenged in the same manner. Mice 
surviving the first challenge were re-challenged at wk 5. 


ASSESSMENT OF HYPERSENSITIVITY REACTIONS: Anaphylactic symptoms were evaluated 30-40 
minutes following the second challenge dose utilizing a scoring system, modified slightly from 
previous reports (Li et al. "A Murine Model of IgE Mediated Cow Milk Hypersensitivity" J. 
Allergy Clin. Immunol. 103:206-214, 1999; Poulsen et al. "Effect of homogenization and 


m 


il 



protein, high dose) per mouse of ground whole PN together with 10 mg/mouse of CT on day 0 


25 
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pasteurization on the allergenicity of bovine milk analysed by a murine anaphylactic shock 
model" Clin. Allergy 17:449-458, 1987; McCaskill etal. "Anaphylaxis following intranasal 
challenge of mice sensitized with ovalbumin" Immunology 51:669-677, 1984) 0 - no symptoms; 
1 - scratching and rubbing around the nose and head; 2 - puffmess around the eyes and mouth, 
diarrhea, pilar erecti, reduced activity, and/or decreased activity with increased respiratory rate; 3 
- wheezing, labored respiration, cyanosis around the mouth and the tail; 4 - no activity after 
prodding, or tremor and convulsion; 5 - death. 

MEASUREMENT OF PLASMA HISTAMINE LEVELS: To determine plasma histamine levels, blood was 
collected 30 minutes after the second ig challenge. Plasma was prepared as previously described 
(Li et al "Strain-dependent induction of allergic sensitization caused by peanut allergen DNA 
immunization in mice" /. Immunol 162:3045-3052, 1999; Li et al "A Murine Model of IgE 
Mediated Cow Milk Hypersensitivity" J. Allergy Clin. Immunol 103:206-214, 1999) and stored 
at -80°C until analyzed. Histamine levels were determined using an enzyme immunoassay kit 
(ImmunoTECH Inc., ME), as described by the manufacturer. 

MEASUREMENT OF PN-SPECIFIC IgE: Tail vein blood was obtained at weekly intervals following 
initial sensitization. Sera were collected and stored at -80°C. Levels of PN-specific IgE were 
measured by ELISA. Briefly, Immulon II 96-well plates (Dynatech Laboratories, Inc., Chantilly, 
VA) were coated with 2 mg/ml CPE in coating buffer, pH 9.6 (Sigma, St. Louis, MO). All the 
steps thereafter followed the same protocol described previously (Li et al "Strain-dependent 
induction of allergic sensitization caused by peanut allergen DNA immunization in mice" J. 
Immunol 162:3045-3052, 1999). All analyses were performed in dupHcate and coefficient of 
variation (CV) >10% were repeated to ensure a high degree of precision. 

histology: Mast cell degranulation during systemic anaphylaxis was assessed by examination 
of ear samples collected immediately after anaphylactic death or 40 min. after challenge fi-om 
surviving mice as previously described (Li et al "Strain-dependent induction of allergic 
sensitization caused by peanut allergen DNA immunization in mice" J. Immunol 
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162:3045-3052, 1999; Snider et al, "Production of IgE antibody and allergic sensitization of 
intestinal and peripheral tissues after oral immunization with protein Ag and cholera toxin" J. 
Immunol. 153:647-657, 1994). Tissues were fixed in 10% neutral buffered formalin and 5-mm 
paraffin sections were stained with toluidine blue or Giemsa. Sections from three sites of each 
5 mouse ear were examined by light microscopy at 400x by an observer unaware of their identities. 
A degranulated mast cell was defined as a toluidine blue or Giemsa-positive cell with five or 
more distinct stained granules completely outside of the cell. Four hundred mast cells in each ear 
sample were classified. 

1 0 PROLIFERATION ASSAYS: Spleens were removed from PN sensitized and naive mice after 
re-challenge at wk 5. Spleen cells were isolated and suspended in complete culture medium 
(RPMI 1640 plus 10% fetal bovine serum, 1% penicillin/streptomycin, and 1% glutamine). 
ijji Spleen cells (IxloVwell in 0.2 ml) were incubated in triplicate cultures in micro well plates in the 

presence or absence of crude PN extract, Ara h 1, or Ara h 2 (10, 50 g/ml). Cells stimulated 
1 a with Con A (2 g/ml) were used as a positive control. Six days later, the cultures were pulsed for 
I'pj 18-hr with 1 Ci per well of ^H-thymidine. The cells were harvested and the incorporated 

radioactivity was coimted in a -scintillation counter. The resuUs were expressed as counts per 

ii 

H= minute (cpm). 

m 

iip- TWO-DIMENSIONAL GEL ELECTROPHORESIS AND IMMUNOBLOTTING: Two-dimensional gel 

P 

\uk electrophoresis was employed to separate PN proteins using previously described methods with 
slight modifications (Burks et al. "Identification and characterization of a second major peanut 
allergen, Ara h II, with use of the sera of patients with atopic dermatitis and positive peanut 
challenge" J. Allergy Clin. Immunol 90:962-969, 1992; O'Farrell etal. "High resolution 
25 two-dimensional electrophoresis of basic as well as acidic proteins" Cell 12:1 133-1 141, 1977; 
Hochstrasser et al "Methods for increasing the resolution of two-dimensional protein 
electrophoresis" Anal Biochem. 173:424-435, 1988). The first dimension consisted of an 
isoelectric focusing gel in glass tubing. After making the gel mixture with a pH gradient of 
3.5-10 (BioRad Laboratories) 200 mg samples were loaded and focused with a BioRad Protean 
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II xi 2-D cell at 200 V for 2 hours, 500 V for 2 hours and 800 V overnight. The second 
dimension gel, sodium dodecyl sulphate-polyacrylamide gel (SDS-PAGE), employed an 18% 
polyacrylamide separating and a 4% stacking gel as previously described (Burks et al 
"Identification and characterization of a second major peanut allergen, Ara h II, with use of the 
5 sera of patients with atopic dermatitis and positive peanut challenge** J. Allergy Clin. Immunol 
90:962-969, 1992; Laemmli "Cleavage of structural proteins during the assembly of the head of 
bacteriophage T4" Nature 227:680-685, 1970). Electrophoresis was performed for 18 hours at 
25 mA per 14 cm by 12 cm gel with a set hmit of 150 V in a Hoefer Apparatus (Pharmacia 
Biotech). 

10 Proteins were transferred from the separating gel to a 0.22 mm nitrocellulose membrane in a 

Tris-Glycine buffer containing 20% methanol. The procedure was performed in a Hoefer transfer 
unit for 14 hours at 100 mA. To assure proper protein separation and quality of transfer, one 
Jji nitrocellulose membrane from each pair was stained with Amido-Black, while both 
polyacrylamide gels were stained with Coomassie BrilUant Blue. 

l^r^ After removal from the transblot apparatus, the nitrocellulose membranes were placed in 

blocking solution (PBS containing 0.5% gelatin, 0.05% Tween and 0.001% thimerosal) 
ovemight at RT on a rocking platform. The nitrocellulose blot was then washed three times with 

li 

PBS containing 0.05% Tween (PBST) and incubated with pooled sera from highly sensitive 
j'l I PN-allergic patients [1:10 dilution in a blocking solution] for two hours at RT. After rinsing and 
igj! washing four times with PBST, alkaline phosphatase-conjugated goat anti-human IgE (KPL, 0.5 
mg/ml) was added and incubated at RT for 2 hours. After rinsing and washing with PBST four 
times, the blot was developed with BCIP/NBT Phosphatase Substrate System (KPL) for 5 min. 
The reaction was stopped by washing the nitrocellulose membrane with distilled water and the 
blot was air-dried. 

25 For characterization of mouse IgE antibody binding to allergenic PN proteins, the 

nitrocellulose blot was prepared as above. The blot was incubated with pooled sera from 
PN-sensitive mice [1:10 dilution] ovemight at RT, followed by extensive washes with PBST and 
another ovemight incubation in 0.75 mg/ml sheep anti-mouse IgE (The Binding Site, UK). The 
blot was then washed 4 times and 0.3 mg/ml horseradish peroxidase conjugated donkey 
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anti-sheep IgG (The Binding Site, UK) was added. After 2 hours incubation at RT, the blot was 
washed and developed with TMB Membrane Substrate Three Component System (KPL) for 15 
min., washed with distilled water, and air-dried. 

5 MAPPING OF MOUSE IgE BINDING EPITOPES: The 157 amino acids comprising Ara h 2 were 
synthesized as 73 overlapping peptides. Each peptide was 13 amino acids long and offset from 
the adjacent peptide by 2 amino acids. Individual peptides were synthesized on a derivatized 
cellulose membrane by Genosys Biotechnologies (Houston, TX). The cellulose membrane 
containing the synthesized peptides was washed with Tris-buffered saline containing 1% Tween 
10 (TBST) and then incubated with blocking solution of TBST containing 1% BSA overnight at 
4°C. After blocking, the membrane was incubated for 15 h at 4°C with pooled sera from 
PN-sensitized mice (3600 ng/ml IgE) that had been diluted 1 : 1 0 in a solution containing TBST 

i]| and 1% bovine serum albumin. Primary antibody was detected with ^^^I-labeled anti-IgE 

|!|!{ antibody. The secondary antibody is a rat anti-mouse IgE monoclonal antibody (Southern 
V§ Biotechnology Associates; Birmingham, AL) iodinated by DiaMed, Inc. (Windham, ME) [^^^I 

ijl label - 18.6 Ci/mg specific activity]. The membrane was exposed to X-ray film and then 

densitometric scans were made of the autoradiographs to determine the relative amounts of IgE 
bound to each peptide. 

m 

2^; Results 

I'h SYSTEMIC ANAPHYLACTIC REACTIONS FOLLOWING INTRAGASTRIC CHALLENGE: Three wecks 

following the initial sensitization, mice were fed with crude PN extract by ig at 30-40 min. 
intervals. Systemic anaphylactic symptoms were evident within 10-15 min following the first 
dose, and the severity of the anaphylaxis was evaluated 30-40 min. after the second dose. The 
25 initial reactions consisted primarily of cutaneous reactions with puffmess around the eyes and 
mouth, and/or diarrhea followed by respiratory reactions such as wheezing and labored 
respiration. The most severe reactions provoked loss of consciousness and death (Figure 4A). 
Mice sensitized with the low dose (5 mg/mouse + CT) of whole PN exhibited more severe 
reactions than those sensitized with the high dose (25 mg/mouse + CT). Fatal or near-fatal 
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anaphylaxis occurred in 12.5% of low dose sensitized mice but in none of the high dose 
sensitized mice. Sham-sensitized and naive mice did not show any symptoms of anaphylaxis. 
Two weeks following the first challenge, the surviving mice were re-challenged. Systemic 
anaphylactic reactions were again provoked, and were more severe than those induced by the 
5 first challenge at wk 3 with both 5 mg (symptom score wk 5 verses (vs) wk 3, p=0.009) , and 25 
mg PN (symptom score wk 5 vs wk 3, p=0.03) . However, as noted during the challenge at wk 
3, symptom scores at wk 5 (re-challenge) were significantly higher in the group sensitized with 5 
mg of peanut, with a 21% mortality rate, than those in the group sensitized with 25 mg (p<0.05). 
These results showed that the initial sensitizing dose determined the intensity of the 
1 0 hypersensitivity reactions. We concluded that sensitization with PN at the dose of 5 mg/mouse 
(low dose) was optimal and this dose was used for subsequent studies. 

^^'^ INCREASED MAST CELL DEGRANULATION AND HISTAMINE RELEASE FOLLOWING IG-CHALLENGE: 

(M The percentage of degranulated mast cells in ear tissues were significantly greater in PN 

sensitized mice than in controls following PN-challenge (Fig. 5 A). Consistent with this finding, 
plasma histamine levels also were significantly increased in PN- sensitized mice compared with 
,) CT sham-sensitized and naive mice (Fig. 5B). These results suggest that histamine [and probably 
I'lJ' other mediators] released fi*om mast cells contributed to the symptoms of PN-induced 
anaphylaxis. 

INCREASED PN-SPECIFIC IgE FOLLOWING PN-SENSITIZATION AND CHALLENGE: To determine 
PN-specific IgE responses in this model, sera firom each group of mice were obtained weekly 
following ig sensitization and challenge. PN-specific IgE concentrations increased significantly 
from wk 1 through wk 5 in mice sensitized with low dose PN (5 mg/mouse), and firom wk 2 
25 through wk 5 in mice sensitized with high dose PN (25 mg/mouse) (Fig. 6). PN-specific IgE 
levels were significantly higher in the low dose group compared to the high dose group at both 
wk 3 (initial challenge) and wk 5 (re-challenge), suggesting an association between IgE levels 
and severity of anaphylactic reactions. PN-specific IgGl levels increased significantly in both 
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groups, but did not differ in the high or low dose sensitization groups (wk 5, 57.6 vs 57 g/ml), 
suggesting that IgGl was not associated with PN-hypersensitivity reactions in this model. 

PC A reactions: To confirm that IgE was responsible for the induction of PN hypersensitivity, 
and to rule-out IgGl -mediated anaphylaxis, PCA testing was performed. Injection of sera from 
PN-allergic, but not normal mice, induced PCA reactions. These reactions were eUminated by 
heat (56°C for 3 h) inactivation of immune sera (Table U), indicating that IgE is the reagenic Ab 
in this model. 
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Table 11. PCA reactions following injection of heated or non-heated immune sera 


Heat 


Positive reaction 

Donor 

inactivation 

Diameter (mm) 



(immunization, ig) 

(56°C 3h) 

(MeaniSE) 

n/total 

% 

PN + CT 


8.28 ± 1.20* 

7/7 

100 

PN + CT 

+ 

1.16 ±0.40 

0/6 

0 

Naive 


1.20 ±0.37 

0/5 

0 


iv Ag/Evan's blue dye injection. PCA reactions were assessed 30 min. later. A reaction was 
scored as positive if the bluing of the skin at the injection sites was > 3 mm in diameter in any 
direction. *P < 0.001 vs. heated immune sera. 


T-CELL PROLIFERATIVE RESPONSES TO WHOLE PN AND THE MAJOR PN ALLERGEN ARA H 1 AND ARA 

H 2 RESEMBLE THOSE OF HUMAN PNA: To characterize T cell responses to whole PN, or major PN 

allergens in this model, spleen cells from PN-allergic mice or naive mice were cultured with 

crude PN extract, Ara h 1, or Ara h 2. Although cells from both PN-allergic mice and naive mice 

showed significant proliferative responses to Con A stimulation, cells from PN-allergic mice, but 

not from naive mice, exhibited significant proliferative responses to crude PN, Ara h 1, and Ara 

h 2 stimulation (Fig. 7). These results demonstrated that the T cell responses to PN and the major 

PN allergens were similar to those observed in PN allergic patients (Dorion et al. "The 

production of interferon-gamma in response to a major peanut allergy, Ara h 11 correlates with 

serum levels of IgE anti-Ara h IF' /. Allergy Clin. Immunol 93:93-99, 1994). 
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B-CELL IgE responses TO THE MAJOR PN ALLERGENS, ARA H 1 AND ARA H 2 RESEMBLE THOSE OF 
HUMAN pna: To determine B cell responses to the major PN allergens, IgE antibodies against 
Ara h 1 and Ara h 2 were measured in pooled sera of PN-sensitized mice and naive mice. Both 
5 Ara h 1 - and Ara h 2-specific IgE were present in the sera of PN-allergic mice (Fig. 8). These 
results demonstrated that B cell IgE responses to PN allergens in this model resemble those in 
human PNA. 

COMPARISON OF PN-ALLERGIC MOUSE AND PN-ALLERGIC HUMAN IgE ANTIBODY BINDING TO THE 

10 MAJOR PN ALLERGEN, Ara h 2: Following the detection of anti-Ara h 1 and anti-Ara h 2-specific 
IgE antibodies in pooled sera of PN-allergic mice, we compared PN-allergic mouse and human 
IgE antibody binding to the major PN allergen Ara h 2 fractions by employing two-dimensional 
gel electrophoresis and immunoblotting. Figure 9A shows that human IgE recognizes 8 Ara h 2 
isoforms which have been previously characterized (Sampson et al, manuscript is in 
\& preparation). Figure 9B shows that IgE from PN-sensitized mice recognized the same Ara h 2 
isoforms as human IgE. 

Ara h 2 IgE binding epitopes are similar in mouse and man: The finding that mouse IgE 
t't recognized the same Ara h 2 isoforms as human IgE suggested that mouse IgE and human IgE 
2?! might bind to similar Ara h 2 epitopes. To confirm this possibihty, we mapped mouse Ara h 2 
H= IgE-binding epitopes. Seventy-three overlapping peptides representing the amino acid sequence 
of the Ara h 2 protein were synthesized, as indicated above, to determine which regions were 
recognized by serum IgE. These peptides were probed with pooled sera from PN-sensitized 
mice. Table III depicts the 11 IgE-binding epitopes identified. These epitopes were distributed 
25 throughout the length of the Ara h 2 protein with 9/1 1 in essentially the same regions as those 
previously identified as human IgE-binding epitopes (Stanley et al "Identification and 
mutational analysis of the immunodominant IgE binding epitopes of the major peanut allergen 
Arab 2" Arch. Biochem. Biophys. 342:244-253, 1997). 
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Table III. Comparison of mouse and patient IgE antibody binding to Ara h 2 epitopes 

Mouse IgE 
Binding Epitope 

Human IgE 
Binding Epitope 

Arah2 
Position 

Percentage IgE 
Binding (M) 

LFLLAAH(l) 

HASARQQWEL(l) 

M9-15 
H15-24 

10.8 

RQQWELQGDRR(2) 

QWELQGDR(2) 

M19-29 
H21-28 

10.9 

RCQSQLERA(3) 

DRRCQSQLER(3) 

M29-37 
H27-36 

4.4 


LRPCEQHLMQ(4) 

H39-48 


DEDSYERDP(4) 

KIQRDEDS(5) 

M53-61 
H49-56 

35.0 

YERDPYSPS(5) 

RDPYSP(6) 

M57-65 
H59-64 

14.3 

YSPSPYD(6) 

SQDPYSPS(7) 

M69-75 
H65-72 

7.0 

QQEQQFK(7) 

LQGRQQ{8) 

M121-127 
HI 17-122 

4.0 

KRELRNLPQ(8) 

KRELRN(9) 

M127-135 
H127-132 

4.1 

RNLPQQCGL(9) 


M131-139 

3.1 

CGLRAPQ(IO) 


M137-143 

3.1 

QRCDLDV(ll) 

QRCDLDVE(IO) 

M143-149 
H143-153 

3.0 


Number in parentheses indicate epitiope number. M= mouse, H = human. 
Human IgE binding epitopes from Stanley et aL, Arch. Bioch. Biophys., 342:244-253, 1997. 


Since the mouse Ara h 2 IgE-binding epitopes were similar to the human epitopes, we 

wondered if the same epitopes were also immunodominant. In humans, Ara h 2 amino acid 

5 residues 57-74 are considered to be immunodominant because they are recognized by IgE from 

all PN-sensitive patients. In addition, serum IgE antibodies that recognize this region represent 

the majority of Ara h 2-specific IgE found in PN-allergic patients (Stanley et al. "Identification 

and mutational analysis of the immxmodominant IgE binding epitopes of the major peanut 

allergen Ara h 2" Arch. Biochem. Biophys. 342:244-253, 1997). In order to determine which, if 

10 any, of the 1 1 mouse epitopes was immunodominant, the intensity of IgE binding to each peptide 

was determined as a function of the pool's total IgE binding to all epitopes. The region 
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represented by amino acid residues 53-75 bound 56.3% of the Ara h 2-specific mouse IgE 
indicating that, as has been observed in humans, this region is also immunodominant in 
PN-sensitized mice. 


Example 3 

A Murine Model of Peanut Anaphylaxis using Peanut Antigen Encoding DNA 
Introduction 

This Example describes the development of a mouse model system for anaphylactic peanut 
(PN) allergy using gene immunization. 

Materials and Methods 

MICE AND reagents: Female CSHyOleSn (H-2^), BALB/c {H-2^), and male AKR (H-2^) mice, 6 
wk of age, were purchased from the Jackson Laboratory (Bar Harbor, ME) and maintained on 
peanut protein-free chow under specific pathogen- free conditions. 

PN and Ara h 2 protein were prepared as previously described (Kopper et al. "Rapid 
isolation of peanut allergen and their physical and biological characterization" / Allergy Clin. 
Immunol 101 :S240, 1998), Ara h 2 cDNA was generated as previously described (Stanley et al 
"Identification and mutational analysis of the immunodominant IgE binding epitopes of the 
major peanut allergen Ara h 2" Arch. Biochem. Biophys. 342:244, 1997). Conalbumin (CA), 
Con A, DNP-BSA, and ovomucoid were purchased from Sigma (St. Louis, MO), Abs for 
ELISAs were purchased from The Binding Site (San Diego, CA). 

PLASMiD DNA PREPARATION: The plasmid DNA-based gene construct, pAra h 2, generated by 
using a TA cloning kit (Invitrogen, San Diego, CA). Briefly, PCR-amplified Ara h 2 coding 
region gene segment with the addition of a Kozak consensus translation condon was ligated into 
a pCR3.1-Uni expression vector containing CMV promoter. The pOMC was also generated 
using the same vector, pCR 3. 1-Uni, encoding the ovomucoid, a major allergen from egg. The 
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plasmid DNA pcDNA3 (pcDNA) (Invitrogen) was used as a mock DNA control since its 
backbone is identical to pAra h 2 and pOMC, with the exception of the cloning site. The pDNA 
was prepared and purified by BioServe (Laurel, MD), and resuspended in endotoxin-free water. 


5 DNA IMMUNIZATION AND AG ADMINISTRATION: Mice Were anesthetized by i.p. injection with a 
mixture of ketamine (45 mg/g) and xylazine (lOmg/g), and each mouse was then injected i.m. 
with 15 g of naked pDNA diluted in PBS to a final volume of 50 1. In the dose-dependent 
study, mice received one injection (single immunization) or three daily injections, followed by a 
forth injection 1 wk later (multiple immunization). Control mice received mock DNA (pcDNA), 

10 or were untreated. Three weeks after the initial pDNA immunization, mice were injected i.p. 
with 1 mg/mouse of PN or Ara h 2-purified protein, or an irrelevant Ag, CA. 

!'r MEASUREMENT OF SERUM AG-SPECIFIC ABS: Blood was obtained weekly firom each group of mice 
following the initial pDNA immunization. After centrifugation, the sera were collected and 

til 

W stored at -80°C until analyzed. The levels of Ag-specified IgE, IgGl, and IgG2a Abs were 
I j'i measured by ELISA, as described previously (Li et al "hiduction of pulmonary allergic 
^ responses by antigen-specific Th2 cells" 7. Immunol 160:1378, 1998). Immulon II plates 

(Dynatech Laboratories, Chantilly, VA) were coated with 10 g/ml purified Ara h 2 protein in 
jljt coating buffer (Sigma). After overnight incubation at 4''C, plates were washed three times with 
M PBS/0.05% Tween-20 and blocked with 1% BSA-PBS for 1 h at 37°C. After three washings, 
|!!!. serum samples (1/5 or 1/10 dilutions in 1% BSA-PBS) were added to the plates and incubated 
overnight at 4'*C. Plates were then washed, and 100 1 of goat anti-mouse IgE or IgGl, or IgG2a 
Abs (0.3 g/ml) were added to the plates for detection of IgE, IgGl, and IgG2a Abs, 
respectively. The plates were incubated for 2 h at 37X. After three washings, 100 1 of donkey 
25 anti-goat IgG Ab conjugated with peroxidase (0.3 g/ml) was added for 1 h at 37°C. Plates were 
developed with tetramethylbenzidine (TMB) (Bio-Rad, Hercules, CA) for 30 min at 22°C, 
stopped by the addition of 1 N H2SO4, and read at 450 nm. The levels of IgE, IgGl, and IgG2a 
Abs were calculated by comparison with a reference curve generated by using mouse mAbs, 
anti-DNP IgE, IgGl, and IgG2a (Accurate Scientific, Westbury, NY). All analyses were 
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performed in duplicate and discrepant values (coefficient of variation >10%) were repeated to 
ensure a high degree of precision. Values less than 4 mg/ml were regarded as undetectable in 
this assay. 

5 ASSESSMENT OF HYPERSENSITIVITY RESPONSES: Signs of systemic anaphylaxis became apparent 
in C3H mice 10 to 15 min following i.p. PN injection and peaked at 20-40 min. Symptoms of 
anaphylaxis were evaluated by a scoring system 40 min after challenge. This scoring system was 
modified slightly fi-om previous descriptions (Mccaskill et al. "Anaphylaxis following intranasal 
challenge of mice with ovalbumin" J. Immunol 51 :669, 1984; Poulsen et al "Effect of 

10 homogenization and pasteurization on the allergenicity of bovine milk analyzed by a murine 

anaphylactic shock model" Clin. Allergy 17:449, 1987), and scored as follows: 0, no symptoms; 
1, scratching and rubbing around the nose and head; 2, puffiness around the eyes, pilar erecti, 

ijjl reduced activity, and/or decreased activity with increased respiratory rate; 3, wheezing, labored 
respiration, cyanosis around the mouth and the tail; 4, no activity after prodding, or tremor and 

1^1 convulsion; 5, death. 

m 
ill 

i4 DETECTION OF VASCULAR LEAKAGE: At the time of peanut protein Ag injection, C3H mice from 
each group received 100 1 of 0.5% Evan's blue dye by tail vein injection, immediately followed 
I'U by i.p. peanut injection. Thirty to forty minutes after dye/Ag administration the mice's feet were 
Ml examined for signs of vascular leakage (visible blue color). 

DETERMINATION OF PLASMA HISTAMINE LEVELS: Five to eight minutes following peanut 
injection, 0.3-0,5 ml of blood from each mouse was collected into chilled tubes containing 30-40 
1 of 7.5% potassium-EDTA. After centrifugation (1500 rpm) for 10 min at 4°C the plasma was 
25 collected and frozen at -SO^'C imtil used. The levels of histamine were determined using an 
enzyme immunoassay kit (Immunotech, Westbrook, ME), as described by the manufacturer. 
The concentration of histamine was calculated by comparison with a standard curve provided by 
the manufacturer. 
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HISTOLOGIC STUDIES: Mast cell degranulation during systemic anaphylaxis was assessed by 
histologic examination of ear tissues. Samples were collected immediately after anaphylaxis- 
related death or 40 min after challenge from surviving mice. Tissues were fixed in 4% 
paraformaldehyde, 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.3), at room 
temperature for 30 min then stored at 4°C until processing into 3 m parafm or glycol 
methacrylate, toluidine blue-stained sections. A degranulated mast cell was defined as a 
toluidine-positive cell with five or more distinct stained granules completely outside of the cell 
(Snider et al "Production of IgE antibody and allergic sensitization of intestinal and peripheral 
tissues after oral immunization with protein antigen and cholera toxin" J. Immunol 143:647, 
1994). One section from each of three sites of each mouse ear was examined by light 
microscopy at 400x by an observer unaware of their identities. A total of 200-400 mast cells was 
classified in each ear sample. In some instances, Wright's stained blood smears were also 
prepared fi-om mice experiencing anaphylactic shock. 

PASSIVE CUTANEOUS ANAPHYLAXIS (pca) TEST: Sera were obtained from 4 to 6 pAra h 2 
multiply immunized C3H mice and pooled. The PCA test was modified slightly fi*om previous 
descriptions (Saloga et al J. Clin. Invest. 91:133, 1998; Poulsen et al "Murine passive cutaneous 
anaphylaxis test (PCA) for the *all or none' determination of allergenicity of bovine whey 
protein and peptide" Clinical Allergy 17:75, 1987). Briefly, the abdomens of naive C3H mice 
were carefully shaved 1 day before i.d. injection of 30 1 of heated (56''C for 3 h) and unheated 
undiluted sera. Control mice received equal amounts of pooled sera fi-om mock DNA- 
immunized mice or an equal amount of PBS. Injections were repeated 24 h later. Three hours 
after the second injection, mice were injected i.v. with a mixture of 1 00 1 of 0.5% Evan's blue 
dye and 1 mg PN protein. Thirty minutes following the dye/PN injection, the mice were 
scarified, the skin of the belly was inverted, and PCA reactions were examined by visible blue 
color. A reaction was scored as positive if the bluing of the skin at the injection site was >0.5 cm 
in diameter. 
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QUANTITATION OF CYTOKINES: Spleens were removed from each group of mice at 3 wk after 
pDNA immunization. Cells were isolated and suspended in complete culture medium (RPMI 
1640 plus 10% FBS, 1% penicillin/streptomycin, and 1% glutamine). Cell suspensions were 
cultured in 24-well plates (4 x 10 Well/ml) in the presence or absence of PN (50 g/ml) (Ara h 2 
5 comprises 1 5-20% of total peanut protein) or Con A (2 g/ml). The supematants were collected 
after 24-, 48-, and 72-h culture. Levels of cytokines, IFN- , IL-4, and IL-5 were determined by 
ELISA, according to the manufacturer's instructions (PharMingen, San Diego, CA) and as 
previously described (Li et al. "Induction of pulmonary allergic responses by antigen-specific 
Th2cells" J. Immunol. 160:1378, 1998). 

10 

STATISTICAL ANALYSIS: The Statistical significance of the data was determine by ANOVA or test 
A p value of <0.05 was considered significant. 

gj]! Results 

Ip ISOTYPE PROFILE OF AG-SPECIFIC ABS INDUCED BY PDNA IMMUNIZATION IN C3H MICE: Three 

iil weeks after the initial pDNA immunization of C3H mice, significantly increased levels of Ara h 

ill? 

J, 2-specific IgG2a as well as IgGl were present in pAra h 2-immunized-mice (Fig. 10), but not in 
'f^ pcDNA (mock DNA)-immunized mice. The level of IgG2a was 10-fold higher than IgGl . The 
I'lJ dose-dependent study showed that IgG2a in the multiply immunized group was twofold higher 

than in the single immunized group. The titer of IgGl in the multiply immunized group was 30- 
N= fold higher than that in singly immunized group. No Ara h 2-specific IgE was detectable in 
either singly or multiply immunized mice (data not shown). In addition, multiple i.d. injections 
of pAra h 2 produced significant increase of Ara h 2-specific IgGl (data not shown). 

25 INDUCTION OF ANAPHYLACTIC REACTIONS BY PN INJECTION OF PARA H 2-IMMUNIZED C3H MICE: 

The initial experiment was designed to investigate whether pAra h 2 immunization could prevent 
peanut-induced hypersensitivity, as reported for different Ags by others (Hsu et al Nat. Med. 
2:540, 1996; Raz et al Proc. Natl Acad. Set USA 93:5141, 1996). In this study, mice were 
immunized with pDNA 3 wk before peanut protein Ag sensitization. Surprisingly, i.p. injection 
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of either PN or Ara h 2 protein into the mice immunized with pAra h 2 result in anaphylactic 
reactions. The severity of the reactions was evaluated and scored as shown in Figure 11. 
Anaphylactic reactions in the multiply pAra h 2-immunized group were more severe than in 
singly immunized mice, with a mortality rate of 60%, indicating an association between the 
5 increased level of IgGl and the severity of the anaphylactic reactions. No anaphylactic reactions 
were observed in mock DNA-immunized mice following peanut injection or in the pAra h 2- 
immunized mice following injection with an irrelevant Ag CA. Thus, the anaphylactic reactions 
in this model were Ag specific and dose dependent. 

1 0 INCREASED VASCULAR PERMEABILITY FOLLOWING PN INJECTION OF PARA H 2-IMMUNI2ED C3H 

MICE: Increased vascular permeabihty is a hallmark of systemic anaphylaxis. To further 
characterize the anaphylaxis, vascular leakage was assessed by PN/Evan's blue injection, 
^ill Extensive Evan's blue extravasation was evident in mouse feet of pAra h 2-immunized mice 

(data not shown). In addition, peripheral blood smears showed extensive platelet aggregation in 
l|Sf pAra h 2-immunized mice following PN administration (data not shown). 

S j>; 

Us 

ELEVATED PLASMA HISTAMINE FOLLOWING PN INJECTION OF PARA H 2-IMMUNIZED C3H MICE: 

I"-" Following PN administration, plasma histamine was increased significantly in the pAra h 2- 
I'iJ immunized group when compared with control groups (Fig. 12). Moreover, the histamine levels 
2^ in pAra h 2 multiply immunized mice were significantly greater than in singly immunized mice, 
i"^* These results indicate that histamine is most likely one of the mediators of anaphylaxis in this 
model. 

MAST CELL DEGRANULATION IN C3H MICE: Histologic analysis of mouse ear tissue showed a 
25 significant increase in the number of degranulated mast cells in pAra h 2-immunized mice 

following PN injection when compared with control mice (data not shown). Consistent with the 
findings of elevated levels of plasma histamine, the percentage of degranulated mast cells in 
mice given multiple pAra h 2 immunizations was markedly greater than in singly immunized 
mice (Fig. 13). These data demonstrate that mast cell degranulation and consequent histamine 
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release are involved in the induction of anaphylaxis in pAra h 2-inimuni2ed C3H mice following 
PN injection. 

PC A REACTIONS IN C3H MICE: The virtual absence of IgE and the high levels of IgGl induced by 
pAra h 2 immunization, together with the association between the level of IgGl and the severity 
of anaphylactic reactions (Figs. 10 and 1 1) suggested that peanut-induced anaphylactic shock in 
the C3H mouse model is IgGl mediated. To further evaluate this hypothesis, PCA testing was 
performed as described in Materials and Methods. PCA reactions were induced by heat- 
inactivated and non-heated sera from pAra h 2-immunized C3H mice (Table IV). In contrast, no 
PCA reactions were found in peanut-injected mice that received mock pDNA immune sera or 
PBS. These results demonstrate that IgGl, but not IgE was the reagenic Ab in this model. 


Table IV. PCA reactions in C3H mice* 

Donor 

Immunizations 

Heat 

Inactivation 

Diameter (cm) 
(mean = SE) 

Positive Reaction 
w/total % 

pArah2 

+ 

2.67 ±0.21 

6/6 

100 

pArah 2 


2.75 ±0.17 

6/6 

100 

pcDNA 


0.14 ±0.06 

0/5 

0 

PBS 


0.12 ±0.05 

0/5 

0 


*Naive C3H mice in each group {n = 5-6) as indicated received heated or non-heated pAra h 2 immune 
sera, mock DNA (pcDNA) immune sera, or PBS followed by PN/Evan's blue dye administration. PCA 
reactions were scored as described in Materials and Methods. 


ISOTYPE PROFILE OF AG-SPECIFIC ABS INDUCED BY POMC IMMUNIZATION OF C3H MICE; To 

determine whether the induction of Ara h 2-specific IgGl in pAra h 2-immimi2ed C3H mice is 
specific to peanut allergen, C3H mice were multiply immunized with pOMC, the plasmid DNA 
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encoding the major egg allergen protein, ovomucoid. The Ab responses were measured 
kinetically after immunization. Similar to pAra h 2-immunized C3H mice, both IgGl and IgG2a 
Ab levels were markedly increased 2 wk after immunization (Fig. 14). At 3 wk, the level of 
ovomucoid-specific IgGl levels in the multiply unmunized group was about 32-fold greater than 
5 that in the singly immunized group, whereas IgG2a levels in multiply inmiunized mice were 
threefold greater than in singly immunized mice. Challenge of pOMC-immunized mice with 
ovomucoid also resulted in severe anaphylactic reactions (data not shown). These results 
demonstrate that pDNA immunization-induced IgGl Ab responses in C3H mice are not unique 
to pAra h 2. 

10 

STRAIN-DEPENDENT REACTIONS TO PEANUT PROTEIN INJECTION FOLLOWING PARA H 2 DNA 

immunization: Since the results described above differed from those of the two previous 
studies of allergen gene immunization, in which different rodent models were used (Hsu et al. 

jljiS Nat. Med. 2:540, 1996; Raz et al. Proc. Natl Acad. Set USA 93:5141, 1996), we hypothesized 
\h that the consequences of allergen gene immunization may be strained dependent. To evaluate 

i fl this possibility, we employed AKR and BALB/c mice, utilizing the same multiple pDNA 

immunization protocol used in C3H mice. In contrast to C3H mice, peanut protein injection of 
AKR or BALB/c mice at 3 or 5 wk following pAra h 2 DNA immunization did not elicit any 

^'y sign of anaphylaxis (Table V). 


Table V. Anaphylactic reactions to PN injection in different strains of mice 
following pAra h 2 DNA immunization* 


3 wk 

5 wk 



Strain 

«/total 

% 

«/total 

% 

C3H 

10/10 

100 

5/5 

100 

AKR 

0/10 

0 

0/8 

0 

BALB/c 

0/10 

0 

0/6 

0 
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*Mice (n = 5-10) in each group as indicated received i.p. injection of PN at 3 or 5 wk following pDNA 
multiple immunization. The incidence of anaphylaxis in each group of mice was calculated and described 
as morbidity rate. 


5 KINETICS AND ISOTYPE PROFILE OF AG-SPECIFIC ABS INDUCED BY PDNA IMMUNIZATION OF AKR, 
BALB/C, AND C3H mice: To elucidate the immunologic mechanisms underlying these different 
types of responses to AKR, BALB/c and C3H mice, we examined the kinetics of the Ara h 2- 
specific IgG2a, IgGl and IgE Abs from week 1 through week 6 following multiple doses of 
pDNA immunization (Fig. 15). In AKR mice, IgG2a was markedly increased at 2 wk and 
1 0 reached a peak at 5 wk. In BALB/c mice, no IgG2a Ab was present until week 4; the peak level 
was found at week 6. No IgGl or IgE Ara h 2-specific Abs were detected following pAra h 2 
immunization at any time point in either AKR or BALB/c mice. Although BALB/c mice 
'|,t presented a similar pattern of IgG2a responses as AKR mice, the responses occurred slightly 
later and were weaker. In contrast to the IgG isotype profile in AKR and BALB/c mice, both 
IgG2 and IgGl were increased significantly in C3H mice at week 3, and peaked at week 3 for 

I":,! IgG2a and at week 4 for IgGl . No significant decreased in the level of either IgG2a or IgGl was 

ill 

W observed thereafter. Furthermore, the levels of IgG2a in C3H mice were significantly lower than 

that in AKR mice. These findings demonstrate that the variability of Ab responses to pDNA 
jl'; immunization is primarily strain dependent. 

m 

T cell cytokine profiles INDUCED BY pAra h 2 IMMUNIZATION: To determine whether the 

different Ab responses of these three strains were related to differential production of T cell 

cytokines, cytokines produced by spleen cells were measured 3 wk following multiple pAra h 2 

immunization. Since cytokine production in culture following PN stimulation revealed that 

25 levels of IFN- peaked at 72 h, IL-4 increased significantly at 24 h, but did not decrease 

significantly thereafter, and IL-5 was not detected at any time point, Table VI depicts 

supematants cytokine levels after 72 h of culture. Levels of IFN- were markedly increased in 

Con A-stimulated cultures from all three strains. Levels of IFN- in PN-stimulated cultures, 

were also significantly higher than unstimulated cultures from all three strains (p < 0.001 in 

30 C3H; 0.01 in AKR; 0.05 in BALB/c). C3H spleen cells produced approximately twice 
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Table VL Cytokine secretion spleen cells from different stains of mice followmg pAra h 2 
immunization* 


IFN- fpe/ml) 

IL-4( /ml) 

IL -5 Cpe/mn 





Strain 

PN 

Con A 

Control 

PN 

Con A 

Contr 
ol 

PN 

Con A 

Con 
trol 

C3H 

749 ± 
101 

>6000 

>7.8 

115± 
5 

389 ± 
21 

56 ± 1 

<7.8 

564 ± 
10 

<7.8 

AKR 

397 ± 
69 

>6000 

133 ±15 

105 ± 
7 

207 ±2 

70 ±4 

<7.8 

131 ± 
14 

<7,8 

BALE 

/c 

360 ± 
57 

>6000 

296 ±4 

68 ±2 

712± 
51 

52 ±3 

<7.8 

385 ± 
12 

<7.8 


presence or absence of Con A or PN Levels of IFN- , IL-4 and IL-5 in 72-h culture supernatants were 
measured by ELISA and calculated by comparison with a standard curve. The lower and upper levels of 
the assay in this experiment were 7.8 and 6000 pg/ml. 

as much PN-induced IFN- as AKR and BALB/c cells. Although Con A stimulation 
significantly increased (p < 0.01) IL-4 secretion in cultures from all three strains. PN stimulation 
resulted in similar significantly increased (p < 0.02) levels of IL-4 production by the cells from 
C3H and AKR, but not from BALB/c. Levels of IL-5 were increased significantly in Con A- 
stimulated cultures (p < 0.01) from all three strains. However, IL-5 was not detectable in PN- 
stimulated cultures from any of the three strains. These results indicate that Thl/Th2 cytokine 
production in splenic cells does not reflect the differential expression of pAra h 2-induced IgGl 
or IgG2a among the three strains in these experiments. 

Example 4 

Mapping IgE Binding Sites in Peanut Antigens 


Introduction 
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This Example describes the definition and analysis of IgE binding sites within peanut protein 
antigens. The information presented may be utiUzed in accordance with the present invention, 
for example, to prepare one or more antigen fragments, or collections thereof, lacking one or 
more peanut antigen IgE binding site. In general, any of a variety of methods (e.g., 
5 immunoprecipitation, immunoblotting, cross-linking, etc.) can be used to map IgE binding sites 
in antigens (see, for example, methods described in Coligan et al (eds.) Current Protocols in 
Immunology, Wiley & Sons, and references cited therein, incorporated herein by reference). 
Generally, an antigen or antigen fragment (prepared by any available means such as, for 
example, chemical synthesis, chemical or enzymatic cleavage, etc.) is contacted with serum from 
1 0 one or more individuals known to have mounted an inunune response against the antigen. 

Where the goal is to map all observed IgE binding sites, it is desirable to contact the antigen or 
antigen fragment, simultaneously or serially, with sera from several different individuals since 
different epitopes may be recognized in different individuals. Also, different organisms may 
*1';J react differently to the same antigen or antigen fragments; in certain circumstances it may be 
1 ^ desirable to map the different IgE binding sites observed in different organisms. 
^ j'j It will be appreciated that an IgE binding site that is strongly recognized in the context of an 
^■'^ intact antigen may not be strongly bound in an antigen fragment even though that fragment 
includes the region of the antigen corresponding to the binding site. As will be clear from 
ij? context, in some circumstances an antigen fragment is considered to contain an IgE binding site 
2§ whenever it includes the region corresponding to an IgE binding site in the intact antigen; in 
\X other circumstances, an antigen fragment is only considered to have such a binding site if 
physical interaction has actually been demonstrated as described herein. 

From studies mapping both murine and human IgE binding sites within peanut protein 
antgens, the human and murine sites overlap to a great extent demonstrating the usfulness of the 
25 mouse as a model of anaphylaxis. 

Materials and Methods 

IgE immunoblot analysis: Membranes to be blotted were prepared either by SDS-PAGE 
(performed by the method of Laemmli Nature 227:680-685, 1970) of digested peanut antigen or 
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by synthesis of antigen peptides on a derivativized cellulose membrane). SDS-PAGE gels were 
composed of 10% acrylamide resolving gel and 4% acrylamide stacking gel. Electrophoretic 
transfer and immunoblotting on nitrocellulose paper was performed by the procedures of Towbin 
{Proc. Natl. Acad. Scl USA 76:4350-4354, 1979). 

5 For mapping of human IgE binding sites, the blots were incubated with antibodies (serum 

IgE) from 15-18 patients with documented peanut hypersensitivity. Each of the individuals had 
a positive immediate skin prick test to peanut and either a positive, double-blind, placebo- 
controlled food challenge or a convincing history of peanut anaphylaxis (laryngeal edema, severe 
wheezing, and/or hypotension). At least 5 ml of venous blood was drawn from each patient and 
10 allowed to clot, and the serum was collected. All studies were approved by the Human Use 

Advisory Committee at the University of Arkansas for Medical Sciences. Serum was diluted in a 
solution containing TBS and 1% bovine serum albumin for at least 12 H at 4 °C or for 2 h at 

J room temperature. The primary antibody was detected with '^^Mabeled anti-IgE antibody 

fig (Sanofi Diagnostics Pasteur Inc., Paris, France). 

1^2 For mapping of murine IgE binding sites, a blot containing overlapping 13mer peptides, 
iil offset by 2 amino acids, was incubated with serum from mice described in Example 2. 

PEPTIDE SYNTHESIS: Individual peptides were synthesized on a derivativized cellulose 
membrane using Fmoc amino acid active esters according to the manufacturer's instructions 
ry (Genosys Biotechnologies, Woodlands, TX). Fmoc-amino acid derivatives were dissolved in 1- 
2|it methyl-2-pyrrolidone and loaded on marked spots on the membrane. Coupling reactions were 
followed by acetylation with a solution of 4% (v/v) acetic anhydride in A^,A^-dimethyl formamide 
(DMF). After acetylation, Fmoc groups were removed by incubation of the membrane in 20% 
(v/v) piperdine in DMF. The membrane was then stained with bromophenol blue to identify the 
location of the free amino groups. Cycles of coupling, blocking, and deprotection were repeated 
25 until the peptides of the desired length were synthesized. After addition of the last amino acid in 
the peptide, the amino acid side chains were deprotected using a solution of 
dichloromethane/trifluoroacetic acid/triisobutylsilante (1/10/0.05). Membranes were either 
probed immediately or stored at -20 °C until needed. 
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Results 

Human IgE binding sites have previously been mapped for Ara h 1 (Burks et al, J. Clin. 
Invest 96:1715-1721, 1995; USSN 90/141,220, filed August 27, 1998, each of which is 
incorporated herein by reference) and Ara h 2 (Stanley et al.. Arch. Biochem. Biophys. 342:244- 
5 253, 1997; USSN 90/141,220, filed August 27, 1998, each of which is incorporated herein by 
reference). We have also mapped such epitopes for Ara h 3 (Rabjohn et al, J. Clin. Invest. 
103:535-542, 1999; USSN 90/141,220, filed August 27, 1998, each of which is incorporated 
herein by reference). As described in Example 2, we have also mapped murine IgE binding sites 
for Ara h 2, by probing filters containing overlapping 20mers, offset by 5 amino acids, that span 
10 the Ara h 2 sequence with serum fi-om mice sensitized to recombinant Ara h 2. 

The results of these studies are summarized below in Tables (essential residues are 
t'Mi, underlined). 


Table VII 
IgE Binding Epitopes in Ara h 1 

EPITOPE NUMBER 

SEQUENCE 

POSITION 

1 

AKSSPYOKKT 

25-34 

2 

OEPDDLKOKA 

48-57 

3 

LEYDPRLVYD 

65-74 

4 

GERTRGROPG 

89-98 

5 

PGDYDDDRRO 

97-106 

6 

PRREEGGRWG 

107-116 

7 

REREEDWROP 

123-132 

8 

EDWRRPSHOO 

134-143 

9 

OPRKIRPEGR 

143-152 

10 

TPGOFEDFFP 

294-303 

11 

SYLOEFSRNT 

311-320 
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12 

FNAEFNEIRR 

325-334 

13 

EOEERGORRW 

344-353 

14 

DITNPINLRE 

393-402 

15 

NNFGKLFEVK 

409-418 

16 

GTGNLELVAV 

461-470 

17 

RRYTARLKEG 

498-507 

18 

ELHLLGFGIN 

525-534 

19 

HRIFLAGDKD 

539-548 

20 

IDOIEKOAKD 

551-560 

21 

KDLAFPGSGE 

559-568 

22 

KESHFVSARP 

578-587 

23 

PEKESPEKED 

597-606 



Table VIII 


IgE Binding Epitopes in Ara h 2 


sequence of human epitope 
(number) 

sequence of mouse epitope 
(number) 

POSITION 

HASAROOWEL(l) 

LFLLAAH (1) 

HI 5-24 
M9-15 

QWELQGDRRC (2) 

RQQWELQGDRR (2) 

H21-28 
Ml 9-29 

DRRCOSOLER (3) 

RCQSQLERA (3) 

H27-36 
M29-37 

LRPCEOHLMO (4) 


H39-48 

KIORDEDSYE (5) 

DEDSYERDP (4) 

H49-56 
M53-61 

YERDPYSPSO (6) 

YERDPYSPS (5) 

H59-64 
M57-65 

SODPYSPSPY (7) 

YSPSPYD (6) 

H65-72 
M69-75 
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DRLOGROOEO (8) 

QQEQQFK(7) 

HI 17-122 

KRELRNLPOO (9) 

KRELRNLPQ (8) 

H127-132 
MM127-135 


RNLPQQCGL (9) 

M131-139 


CGLRAPQ(IO) 

M137-143 

ORCDLDVESG(IO) 

QRCDLDV (11) 

H143-152 
M143-149 


Human Ara h 2 epitopes (6) and (7), and mouse Ara h 2 epitopes (5) and (6) were considered 
to be immunodominant because, in each case, the two epitopes combined contributed about 40- 
50% of the observed IgE reactivity (as determined by densitometric analysis of the blot). Human 
epitope (3) was also considered to be immunodominant, as it contributed as much as about 15% 
of the IgE reactivity. No other mouse or human epitope contributed more than about 10% of the 
reactivity. 


Table IX 
IgE Binding Epitopes in Ara h 3 

EPITOPE NUMBER (FRACTION 
OF PATIENTS WITH IGE THAT 
BIND) 

SEQUENCE 

POSIliON 

1 (25%) 

TFTWNPNNOEFECAG 

33-47 

2 (38%) 

GNTFSGFTPEFLEOA 

240-254 

3 (100%) 

VTVRGGLRILSPDRK 

279-293 

4 (38%) 

DEDEYEYDEEDRRRG 

303-317 


1 0 Epitope 3 of Ara h 3 was designated as immunodominant because it was recognized by IgE 

in sera from all 10 patients tested. 
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Collections of Ara h 2 Peptides 

5/20 Native 

A collection of 28 peptides, each 20 amino acids long and staggered by 5 amino acids, 
spanning the sequence of the native Ara h 2 protein was prepared as described above. Table X 
presents the sequences of the individual peptides: 


Table X 
5/20 Native Ara h 2 Peptides 

PEPTIDE NO 

SEQ ID NO: 

SEQUENCE 

1 


LTILVALALFLLAAHASARQ 

2 


ALALFLLAAHASARQQWELQ 

3 


LLAAHASARQQWELQGDRRC 

4 


ASARQQWELQGDRRCQSQLE 

5 


QWELQGDRRCQSQLERANLR 

6 


GDRRCQSQLERANLRPCEQH 

7 


QSQLERANLRPCEQHLMQKI 

8 


RANLRPCEQHLMQKIQRDED 

9 


PCEQHLMQKIQRDEDSYERD 

10 


LMQKIQRDEDSYERDPYSPS 

11 


QRDEDSYERDPYSPSQDPYS 

12 


SYERDPYSPSQDPYSPSPYD 

13 


PYSPSQDPYSPSPYDRRGAG 

14 


QDPYSPSPYDRRGAGSSQHQ 

15 


PSPYDRRGAGSSQHQERCCN 

16 


RRGAGSSQHQERCCNELNEF 

17 


SSQHQERCCNELNEFENNQR 

18 


ERCCNELNEFENNQRCMCEA 

19 


ELNEFENNQRCMCEALQQIM 

20 


ENNQRCMCEALQQIMENQSD 

21 


CMCEALQQIMENQSDRLQGR 

22 


LQQIMENQSDRLQGRQQEQQ 

23 


ENQSDRLQGRQQEQQFKREL 

24 


RLQGRQQEQQFKRELRNLPQ 


Express Mail No. ET796588U7US 
3121744vl 


63 of 101 


2002834-0069 



• 

• 

LJ 


QQEQQFKRELRNLPQQCGLR 

zu 


FKRELRNLPQQCGLRAPQRC 

27 


RNLPQQCGLRAPQRCDLDVE 

28 


QCGLRAPQRCDLDVESGGRD 


% 

m 

m 
m 

rij 
p 


Each of these peptides was tested for its ability to stimulate human T cells. The results are 
shown in Figure 16. Each peptide was tested, using standard different techniques, on 19 
different T cell preparations. Positive scores, defined as a T cell stimulation index of > 2, are 
indicated by shading. As can be seen, peptides 1-9 (especially 3 and 4) and 18029 (especially 
18-22 and 25-28) have significant T cell stimulation capability; peptides, 10-17 do not show such 
activity. 
5/15 Modified 

A collection of 24 peptides, each (except for the last) 15 amino acids long and staggered by 
5 amino acids, spanning the sequence of a modified Ara h 2 protein, in which all IgE binding 
sites were disrupted by alanine substitution can be synthesized. Table XI presents the sequences 
of the individual peptides; modified residues are indicated by underlining. 


Table XI 
5/15 Modified Ara h 2 Peptides 

PEPTIDE NO 

SEQ ID no: 

SEQUENCE 

1 


LTILVALALFLLAAH 

2 


ALALFLLAAHASARQ 

3 


LLAAHASARQQAELQ 

4 


ASARQQAELQGDRRC 

5 


QQAELQGDRRCQSQLA 

6 


QGDRRCQSQLARANLR 

7 


QSQLARANLRACEAH 

8 


RANLRACEAHLMQKI 

9 


ACEAHLMQKIQADED 

10 


LMQKIQADEDSYERA 

11 


QADEDSYERAPYSPS 

12 


SYERAPYSPSQAPYS 

13 


PYSPSQAPYSPSPYD 
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14 


QAPYSPSPYDRRGAG 

15 


PSPYDRRGAGSSQHQ 

16 


RRGAGSSQHQERCCN 

17 


SSQHQERCCNQQEQQ 

18 


ERCCNQQEQQFKREA 

19 


QQEQQFKREARNLPQ 

20 


FKREARNLPQQCGLR 

21 


RNLPQQCGLRAPQRC 

22 


QCGLRAPQRCDADVE 

23 


APQRCDADVESGGRD 

24 


DADVESGGRDRY 


5/20 Native, Depleted for >2 Human Sites 

One strategy for reducing the effective IgE binding activity of a collection of overlapping 
m Ara h 2 peptides is to remove from the collection those peptide that include two or more IgE 
j| binding sites, and therefore have the ability to cross-link anti-Ara h 2 IgE molecules. Individual 
V] peptides could be tested for their abihty to simultaneously bind to two or more IgE molecules 

could be identified by direct testing of IgE binding and/or cross-linking {e.g., histamine release). 

However, in the present Example, we simply designate those peptides that contain two complete 
l|i IgE binding sites as determined by sequence analysis alone, relying on the above-described 
1;:;5 analyses to define the IgE binding sites. Under this analysis, peptides 3, 5, and 12 from Table X 

should be removed from the collection. 


5/20 Native, Depleted for Immunodominant Epitopes 

1 5 As mentioned above, human epitopes (6) and (7) (or mouse epitopes (5) and (6)) together 

are responsible for more than 40-50% of the IgE binding activity observed when human sera are 
tested against a panel of overlapping Ara h 2 peptides (see Stanley et aL, Arch. Biochem. 
Biophys. 342:244-253, 1997, incorporated herein by reference). In certain embodiments of the 
invention, all peptides containing part or all of these sequences are removed from the 5/20 

20 collection discussed above, to produce a 5/20 collection depleted of major immunodominant 
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epitopes. That is, peptides 1 1-14, corresponding to amino acids 51-85, are removed from the 
collection. Interestingly, these peptides are not particularly active at stimulating T cell 
proliferation. 


5 5/20 Native, Depleted for any Intact Human Sites 

In yet another embodiment of the invention, the above-described 5/20 collection of native 
Ara h 2 peptides is depleted for those peptides that contain an intact IgE binding site as defined 
above in Example 4. Such depletion removes peptides 2-13 and 22-28 fi-om the collection. 

10 Example 6 

Desensitization of PN-Sensitized Mice Using Ara h 2 Peptides 

Introduction 

This Example describes the use of a collection of antigen fragments (of the Ara h 2 protein) 
jljil to desensitize individuals to preanut allergy. The Example also shows desensitization using a 
\^ modified Ara h 2 protein whose IgE binding sites have been disrupted. The results with 
I j'i modified protein antigen are readily generalizable to peptide fragments, as described herein. 

u 

!'=J^ Materials and Methods 

I'j!! MICE AND reagents: Female C3H/HeJ mice, 5-6 weeks of age were purchased from the 
i^: Jackson Laboratory (Bar Harbor, ME) and maintained on PN-free chow, under specific 
{wj. pathogen-free conditions. Standard guidelines for the care and use of animals was followed. 

Ara h 2 protein was purified as described by Burks et al. (/. Allergy Clin. Immunol. 8:172- 
179, 1992, incorporated herein by reference). Modified Ara h 2 was prepared as described in 
USSN 09/141,220 filed August 27, 1998, incorporated herein by reference. The sequence of the 
25 modified Ara h 2 differed from that of natural Ara h 2 as indicated in Figure 17 (ahered positions 
are underlined). The Ara h 2 peptide collection was the 5/20 collection described above in 
Example 4. 

sensitization: Mice were sensitized by ig feeding with 5 mg of Ara h 2 plus 0.3 g/gm 
body weight of cholera toxin (CT) as an adjuvant and were boosted twice, at weeks 1 and 3. 
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Intragastric feeding was performed by means of a stainless steel blunt feeding needle as 
described by Li et aL, J. Allergy Clin. Immunol. 103:206, 1999, incorporated herein by 
reference). Control mice received either CT alone or sham treatment. 

DESENSITIZATION: Two weeks after sensitization, mice were treated with intranasal or 
5 subcutaneous peptide mix (either 2 gor20 g), or with intranasal modified Ara h 2 (2 g). One 
set of control mice was treated with intranasal wild type Ara h 2; another set was mock treated. 

challenge: Two weeks later, desensitized mice were challenged orally with 5 mg of wild 
type Ara h 2, divided into two doses of 2.5 mg 30 min apart. 

assays: Hypersensitivity testing and IgE measurement were performed as described above 
10 in Example 2. Plasma histamine levels and airway responsiveness were also assayed, as were 

Ara h 2-specific IgE and IgG2 levels, 
f'i rechallenge: The mice that were sensitized, desensitized, and challenged as described 
above in Example were rechallenged with Ara h 2 protein 3 weeks later. 

\m Results 

As shown in Figure XX, anti-Ara h 2 IgE levels in mice exposed to native Ara h 2 rose four 

ill} 

n fold during the "desensitization period". By contrast, these IgE levels did not mcrease 

I'^J^ significantly in mice exposed to low or high dose peptides, and actually decreased almost two- 

^ fold in mice exposed to modified Ara h 2. Moreover, significant protection from anaphylaxis 

Q 

2iffJ was observed with both the high dose peptides and the modified protein. In order to determine 
'"^ whether this protection were long term, we rechallenged the mice several (three) weeks later. 
As shown below in Table XII, the observed protection was long term: 


Table XII 

"VACCINE'* 

anti-Ara h 1 IgE levels 
during 3 weeks between 
challenges 

SEVERITY OF ANAPHYLACTIC 
SYMPTOMS AS COMPARED 
WITH FIRST CHALLENGE 

sham 

increased 

worse 

low [native peptides] 
20mers, 5aa stagger 
2 g/mouse 

increased 

worse 
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high [native peptides] 
20mers, 5aa stagger 
20 g/mouse 

no increase 

no change 

modified protein 

modest increase 

no significant change 


These results clearly demonstrate that a collection of Ara h 2 peptides containing 
substantially all of the structural features of Ara h 2, can desensitize individuals allergic to Ara h 
2. A modified Ara h 2 protein can have similar effect, indicating that peptide collections lacking 
one or more effective IgE binding sites should also be useful desenitization tools. 


scope of the present invention, as set forth in the following claims. 


Other Embodiments 

... Those of ordinary skill in the art will readily appreciate that the foregoing represents merely 
itji! certain preferred embodiments of the invention. Various changes and modifications to the 
m procedures and compositions described above can be made without departing fi:om the spirit or 

m 
m 
m 

ru 
o 

I...? 
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Appendix 


ALLERGEN 

SYSTEMATIC 

MW kDa 

SEQUENCE 

ACCESSION NO. OR 

SOURCE 

AND ORIGINAL 


DATA 

REFERENCES 


NAMES 




WEED POLLENS 

Asterales 


Amh a 1 ' 

38 

c 

8,20 

artemisiifolia 

antigen E Amb 

38 

c 

8,21 

(short ragweed) 

a 2; antigen K 

11 

c 

22 


Amb a 3; Ra3 

5 

c 

11,23 


Amb a 5; Ra5 

10 

L 



Amb a 6; Ra6 

12 

P 

26 


Amb a 7; Ra7 

11 

c 

27 


Amb a? 




Amllirosia trifida 
(g||nt ragweed) 

Ambt5;Ra5G 

4.4 

c 

9,10,28 





Artjgnisia 

Art V 1 

27-29 

c 

28A 

vulgaris 

Artv2 

35 

p 

29 

(rtjilgwort) 





Heljianthus 

Helal 

34 


29a 

an^uus 

Hel a 2; profilin 

15.7 

c 

Y15210 

(sfunflower) 





ry 

Mqrcunalis 

Mer a 1; profihn 

14-15 

c 

Y13271 






GRASS POLLENS 

Poales 

Cynodon 

Cynd 1 

32 

c 

30,S83343 

dactylon 

Cynd? 


c 

31,X91256 

(Bermuda grass) 

Cynd 12; 

14 

c 

31a,Y08390 


profihn 




Dactylis 

Dac g 1; AgDgl 

32 

p 

32 

glomerata 

Dacg2 

11 

c 

33,845354 

(orchard grass) 

Dac g 3 


c 

33a,U25343 


Dac g 5 

31 

p 

34 
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Holcus lanatus 
(velvet grass) 

Hoi 11 


C 

Z27084,Z68893 

Lolium perenne 
(rye grass) 

Lolp 1; group I 
Lol p 2; group II 
Lol p 3; group 
III 

Lolp 5; Lolp 

TV T rtl « "Wy 

lA, LOl p ID 

Lolp 11; trypsin 
inh. Related 

27 
11 
11 
31/35 

16 

C 
C 
C 

35,36 
37,37a,X73363 
38 
34,39 

39a 

Phalaris aquatica 
(canary grass) 

Phaa 1 


C 

40,S80654 

Phleum pratense 
(timothy) 

m 

fit - 

m 

Phlp 1 
Phlp2 
Phlp 4 
Phlp5; Ag25 
Phlp 6 
Phlp 12; 
profilin 
Phlp 13; 
polygalacturona 
se 

27 
32 
55-60 

C 
C 
P 
C 
C 
C 
C 

X78813 
41,X75925 
41A 
42 

43, Z27082 

44, X77583 
AJ238848 

PoS pratensis 
(K|^'tucky blue 

Poap 1; group I 
Poap 5 

33 

P 

c 

46 
34,47 

_ — U,ii ■ 

Sorghum 
haM)ense 
(Jonnson grass) 

Sorh 1 


c 

48 

TREE POLLENS 


Fnxralp.s 1 

Alnus glutinosa 
(alder) 

Alngl 

17 

c 

S50892 

Betula verrucosa 
(birch) 

Betv 1 

Bet V 2; profilin 
Bet v3 
Bet v4 

17 

15 
8 

c 

c 
c 
c 

see list of isoallergens 
M65179 
X79267 
X87153/S54819 
AF135127 
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Bet V 5; 
isonavonc 
reductase 
homologue 

33.5 

C 


Carpinus betulus 
(hornbeam) 

Carb 1 

17 

C 

51 

Castanea sativa 
(chestnut) 

Cass l;Betv 1 
homologue 

22 

P 

52 

Corylus avelana 
(hazel) 

Cora 1 

17 

C 

53 

Quercus alba 
(white oak) 

Que a 1 

17 

p 

54 

Cryptomeria 
japonica 

Cryj 1 

L.ryj A 

41-45 

c 
c 

55,56 
57, D29772 



Jurti|erus ashei 
(m(Stfntain cedar) 

Jun a 1 
Jun a 3 

43 
30 

p 
p 

P81294 
P81295 

Jur 

0x3 
(pr] 



ilperus 
-ysdrus 
[tkly jumper) 

Jun 0 2; 

caimoQuun-uKc 

29 

c 

AF031471 

Jut 
sat 
(m 



5^erus 
jjioides 
4ntain cedar) 

Jun s 1 

50 

p 

58 

Jur 
vir 
(ea 
cec 

1:1. 

'ijperus 
giniana 
stem red 
lar) 

Jun V 1 

43 

p 

P81825 

Oleales: 


Fraxinus 
excelsior 
(ash) 

Frae 1 

20 

p 

58A 

Ligustrum 

vulgare 

(privet) 

Lig V 1 

20 

p 

58A 
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Olea europea 

Olee 1; 

16 

C 

59,60 

(olive) 

Ole e 2; profilin 

15-18 

c 

OUrV 


Ole e 3; 

9.2 


60B 


Ole e 4; 

32 

p 

P80741 


Ole e 5' 

10 

p 

P80740 


superoxide 

10 

c 



dismutase 




Ole e 6; 




Syringa vulgaris 

Syrvl; 

20 

p 

58A 

(lilac) 




MITES 

Acarus siro 

Acas 13; fatty 

14* 

c 

AJ006774 

(mite) 

acid-bind.prot. 



Blomia 

Bio t 5; 


c 

U59102 

tropicalis 

Rln t 19- Rfl 1 a 


c 

U27479 

(rruie) 

Blot 13;Bt6 



U58106 


fatty 








01 

prot 




DefHiatophagoid 

Derp 1; antigen 

25 

C 

61 

es iji^ronyssinus 

PI 

14 

c 

62 

(mite) 

Derp 2; 

28/30 

c 

63 


Derp 3; trypsin 

60 

c 

64 

m 

Der p 4; 

14 

p 

65 


amylase 

25 

c 

66 

ti 

Derp 5; 

22-28 

c 

il 

Der p 6; 


p 

67 


chymotrypsin 


c 

67A 


Derp 7; 




Derp 8; 



67B 


glutathione 





transferase 





Derp 9; 

36 


Y14906 


collagenolytic 





serine prot. 





Derp 10; 





tropomyosin 
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Dermatophagoid 
es microceras 
(mite) 

Der m 1 ; 

25 

P 

68 

D ennatophago id 
es farinae (mite) 

Der f 1 ; 
Derf 2 ; 
Derf 3 ; 
Derf 10; 
trop omy 0 sm 

25 
14 
30 

C 
C 
C 
C 

69 
70,71 
63 
72 

Lepidoglyphus 
destructor 
(storage mite) 

Lepd 2.0101; 
Lepd 2.0102; 

15 
15 

C 
C 

73,74,75 
75 

AMTMAF <s 


rJOS oonicbiiL'Ub 
(doiSestic cattle) 
(se^^also foods) 

■ 

Bos d 2; 
Ag3,lipocalin 
Bos d 4; 

alpha-lactalbumi 

20 
14.2 

C 
C 

76,L42867 
M18780 

m 

n 

18.3 

C 

X14712 

m 
m 

Bos d 5; 
beta-lactoglobul 

67 

c 

M73993 

a 

in 

Bos d 6; serum 
albumin 
Bos d 7; 

immunoglobulin 
Bos d 8; caseins 

160 
20-30 


77 

77 Bos d 8; caseins 

fr* 

Canis familiaris 
(Canis 
domesticus 
(dog) 

Canf 1; 
Canf 2; 

Can f ?; albumin 

25 
27 

c 
c 
c 

78,79 
78,79 
S72946 

Equus caballus 
(domestic horse) 

Equ c 1 ; 
lipocalin 
Equ c 2; lipocali 

25 
18.5 

c 
p 

U70823 
79 A, 79B 

Felis domesticus 
(cat saliva) 

Feld l;cat-l 

38 

c 

15 

Mus musculus 
(mouse urine) 

Musm 1;MUP 

19 

c 

80,81 
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Rattus norvegius 
(rat urine) 

F ungi 

Ascomycota 

Dothidiales 


Ratnl 


17 


82,83 


Altemaria 
altemata 


□ 
CO 


Cl^i^psporium 
her|jarum 

ii 


Eurotiales 


Aspergillus 
Fumigatus 


Altai; 
Alt a 2; 
Alt a 3; heat 
shock prot 
Alt a 6; 
ribosomal 
protein 

Ah a 7; YCP4 
protein 
Ah a 10; 
aldehyde 
dehydrogenase 


Clahl; 

Clah2; 

Clah3; 

aldehyde 

dehydrogenase 

Clah4; 

ribosomal 

protein 

Clah5;YCP4 
protein 

Cla h 6; enolase 


Asp fl 13; 
alkaline 
serine 
proteinase 


Aspf 1; 
Asp f 2; 
Asp f 3; 


28 
25 
70 

11 

22 

53 


13 
23 
53 

11 

22 

46 


34 


18 
37 
19 
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c 
c 
c 
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c 
c 
c 


U82633 
U87807, U87808 
X78222, U87806 

X78225 
X78227, P42041 


83a, 83b 
83a, 83b 
X78228 

X78223 

X78224 

X78226 


84 


M83781,S39330 
U56938 
U20722 
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peroxisomal 
protein 
Asp f 4; 

30 
42 

C 
C 

AJ001732 
Z30424 


Asp f 5; 

metalloprotease 

26.5 

c 

U53561 


Asp f 6; Mn 

12 
11 

34 
34 




superoxide 

dismutase 

Aspf7; 

AspfS; 

ribosomal 

c 
c 

c 

AJ223315 
AJ224333 
AJ223327 
X85092 


protein P2 

24 




Aspf9; 


84a 


Asp f 10; 




aspartic protease 





Asp f 11; 

pcpiiuyi piuijf'i 

65 

c 

U92465 


isom 

34 


84b 

L Hi: 

Asp f 12; heat 

16 



shock prot. P70 




Asp f 13; 
alkaline serine 

43 

c 
c 

AJ002026 

in 

proteinase 
Asp f 15; 

34 

c 

g3643813 
AJ224865 

m 

i! 

|„i. 

Asp f 16; 
Asp f 17; 

90 
55 

p 
p 

84c 

85 

86 

ilJ 

vacuolar serine 



i"*g 
\J 

Aspf?; 

ASp 1 ; , 




fnir- ■ 

A<:n^rcrilliis niser 

Asp n 14; 

105 

c 

AF 108944 

beta-xylosidase 

Acn n 1 8* 
/Yap 11 1 o, 

vacuolar serine 

34 

c 

84b 


proteinase 
Asp n ?; 

85 

c 

Z84377 

Aspergillus 

Asp 0 2; 

53 

c 

D00434,M33218 


oryzae 

T AKA- amy lase 
A 

Asp 0 13; 
alkaline serine 
proteinase 

34 

_. 

c 

- 

X17561 
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Penicillium 
brevicompactum 

Pen b 13; 
alkaline serine 
Proteinase 

33 


86a 

Penicillium 
citrinum 

Penc l;heat 
shock prot. P70 
Penc 3; 
peroxisomal 
membrane 
protein 
Pen c 13; 
alkaline serine 
proteinase 

70 
33 

C 

U64207 
86b 

86a 

Penicillium 
notatum 

D 

m 

Ml 

m 

Pen n 1 ; 
N-acetyl 
glucosaminidase 
Penn 13; 
alkaline serine 
proteinase 
Penn 18; 
vacuolar serine 
proteinase 

68 
34 
32 


87 
89 
89 

Pe^&illium 

iL. 

ox^l^cum 

Pen 0 18; 
vacuolar serine 
proteinase 

34 


89 

Oiiylenales 



Tr^jfiophyton 
rulirum 

Trir2; 

Tri r 4; serine 

protease 


C 

c 

90 
90 

Trichophyton 
tonsurans 

Trit 1; 

Tri 1 4; serine 

protease 

30 
83 

p 
c 

91 
90 

Saccharomycetal 

es 



Candida albicans 

Cand a 1 ; 

40 

c 

88 

Candida boidinii 

Candb2; 

20 

c 

J04984, J04985 

Basidiomycota 
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Basidiolelastomycetes 

Malassezia furfur 

Malf 1; 

Mai f 2; MFl 

peroxisomal 

membrane 

protein Mai f 

3;MF2 

peroxisomal 

membrane 

protein 

Malf 4; 

Malf 5; 

Malf 6; 

cyclophilin 

homologue 

21 

20 

35 
18* 
17* 

C 

c 

c 
c 
c 

91a 
AB011804 

AB011805 

Takesako, p.c. 
AJ011956 

Baffliomycetes 

F.t 


Pstl(^cybe 

Psi c 1 ; 
Psi c 2; 
cyclophilin 

1 /; 


91b 

rhr 

Cd^'tinus 
comtos 
(s}\aggy cap) 

Cop c 1 ; 
Cop c 2; 

11 

c 

AJ132235 

IN^TS 





— m 

Aplftmellifera 
(hdnby bee) 

Api m 1 ; 

phospholipase 

A2 

Api m 2; 
hyaluronidase 
Api m 4; 
melittin 

16 
44 

3 

c 
c 
c 

92 
93 
94 

Bombus 
pennsylvanicus 
(bumble bee) 

Bomp 1; 
phospholipase 
Bom p 4; 
protease 

16 

p 
p 

95 
95 

Blattella 

germanica 

(German 

Blag l;Bd90k 
Bla g 2; aspartic 
protease 

36 

c 
c 

96 
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cockroach) 

Bla g 4; calycin 

21 

C 

97 
98 

Bla g 5; 

22 

C 


(T 1 1 1 1 Q f Vl 1 rttl P 

glUlallUUllC 



98 


transf. 

Z / 

c 


Did g 





iropoiiiii 




Periplaneta 

Ppr Q 1 • Cr-VW 

72-78 

c 

98A 

americana 

Per a 3; Cr-Pl 


c 

Y14854 

(American 

Ppr 51 7* 
r CI a / , 

37 

c 

cockroach) 

tropomyosin 




V> i rnn mn 1 1 s 

Chit 1-9; 

16 

c 

99 

thumini thummi 

hemoglobin 



P02229 


Chit 1.01; 

16 

c 

component III 



P02230 


Chit 1.02; 

16 

c 


component IV 



P02221 

Q 

Chit 2.0101; 

16 

c 


component I 



P02221 


Chi 1 2 0102* 

16 

c 

til 

component lA 



P02222 



16 

c 

in 

component 



P02231 

m 

ll-UCla 

16 

c 

11 

Chi 1 4; 



P02224 


rnmnnnPTit TTTA 

Chit 5; 

16 

c 


component VI 

16 

c 

P02226 


Chit 6.01; 




0 

component 
VIIA 

16 

c 

P02223 


Chi 1 6.02; 

16 

c 

P02225 


component IX 



P02227 


Chi t 7; 

16 

c 


component 



P02228 


VIIB 

16 

c 


Chi t 8; 





/»r\rvinr\n/=»nf' \/TTT 
COIIipUIlCIll V ill 





Chi 1 9; 





component X 




DoHchovespula 

Dolm 1; 

35 

c 

100 

maculata 

phosphohpase 



101 

(white face 

Al 

44 

c 
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hornet) 

Dol m 2; 
hyaluronidase 

LfOl in J) 

antigen 5 

23 

C 

102,103 

Dolichovespula 
arenaria 
(yellow hornet) 

Dol a 5; antigen 
5 

23 

C 

104 

Polistes 

annularies 

(wasp) 

Polal; 
phospholipase 
Al Pol a 2; 
hyaluronidase 
Pol a 5; antigen 
5 

35 
44 
23 

P 
P 

c 

105 
105 
104 

Pol^s,tes 
doi^jinulus 
(M^iterranean 
pap^ wasp) 

Poldl; 
Pol d 4; serine 
protease 
Pold5; 

32-34 

c 

DR Hoffman 
DR Hoffman 

P81656 

PohjStes 

exqjfmans 

(waiS)) 

Pole 1; 
phospholipase 

A 1 

Pol e 5; antigen 
5 

34 
23 

p 

c 

107 
104 

Pollutes fuscatus 
(w%) 

Pol f 5; antigen 
5 

23 

c 

106 

Polistes metricus 
(wasp) 

Pol m 5; antigen 
5 

23 

p 

106 

Vespa crabo 

(European 

hornet) 

Vesp c 1 ; 
phospholipase 
Vespc 5.0101; 
antigen 5 
Vesp c j.uiuz, 
antigen 5 

34 
23 
23 

p 

c 
c 

107 
106 
106 

. 

Vespa mandarina 
(giant asian 
hornet) 

Vesp m 1.01; 
Vesp m 1.02; 
Vesp m 5; 



DR Hoffman 
DR Hoffman 
P81657 

Vespula 

Ves f 5; antigen 

23 

c 

106 
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flavopilosa 
(yellowjacket) 


Vespula 

gennanica 

(yellowjacket) 


Vespula 

maculifrons 

(yellowjacket) 


Ves g 5; antigen 
5 


Vespula 

pennsylvanica 

(yeUjpwjacket) 
m — 


Ves m 1; 

phospholipase 

Al 

Ves m 2; 
hyaluronidase 
Ves m 5; 
antigen 5 


23 


Vesp 5; antigen 
5 


Ve^la 

squj^osa 

(yei'jlwjacket) 


Ve|r|ula vidua 
(w|pj)) 


Ves s 5; antigen 
5 


Ves vi 5; 


33.5 
44 

23 


23 


23 


23 


C 
P 
23 


106 


108 
109 
104 


106 


106 


106 


VeSpula vulgaris 
(y^fewjacket) 


D 


Ves V 1 ; 

phopholipase 

Al 

Ves V 2; 
hyaluronidase 
Ves V 5; antigen 
5 


35 
44 
23 


C 
P 

c 


105A 
105 A 
104 


Myrmecia 
pilosula 
(Australian 
jumper ant) 


Solenopsis 
geminata 
(tropical fire ant) 


Solenopsis 
invicta 
(fire ant) 


Myrp 1; 
Myrp2; 


Sol g 2; 
Solg4 


Sol i 2; 
Sol i 3; 
Soli 4; 


13 
24 
13 
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X70256 
S81785 
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DRHoffinan 


110,111 
110 
110 
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Solenopsis 
saevissima 
(brazilian fire 
ant) 

Sols 2; 



DR Hoffinan 

FOODS 


Gadus callarias 
(cod) 

Gadc 1; 
allergen M 

12 

C 

112,113 

Salmo salar 

(Atlantic 

salmon) 

Salsl; 
parvalbumin 

12 

C 

X97824 

Bos domesticus 
(domestic cattle) 

m 

Bos d 4; alpha- 
lactalbumin 
Bos d 5; beta- 
lactoglobulin 
Bos d 6; serum 
albumin 
Bos d 7; 

immunoglobulin 
Bos d 8; caseins 

14.2 
18.3 
67 
160 
20-30 

c 
c 
c 

M18780 
X14712 
M73993 

77 

77 

— m- 

GaUus 

doiSfilsticus 

(chicken) 

rij 

Q 

Galdl; 
ovomucoid 
Gald 2; 
ovalbumin 
Gald 3; 
conalbumin 

Gald 4; 
lysozyme 

28 
44 
78 

14 

c 
c 
c 

c 

114,115 
1 14 1 1 s 

114,115 
114,115 

Metapenaeus 
ensis 
(shrimp) 

Mete 1; 
tropomyosin 


c 

U08008 

Penaeus aztecus 
(shrimp) 

Pen a 1 ; 
tropomyosin 

36 

p 

116 

Penaeus indicus 
(shrimp) 

Peni 1; 
tropomyosin 

34 

c 

117 

Todarodes 
pacificus 

Todp 1; 
tropomyosin 

38 

p 

117A 
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(squid) 

Haliotis Midae 
(abalone) 

Halm 1 

49 


:z. -1 

117B 

Apium 

graveolens 

(celery) 

Apig l;Betv 1 
homologue 

16* 

C 

Z48967 

Brassicajuncea 

(oriental 

mustard) 

Braj 1;2S 
albumin 

14 

C 

118 1 

Brassica rapa 
(turnip) 

Brar2; 

prohevein-like 

protein 

25 

? 

PS 1729 1 

Hordeum 

vul^^e 

(b#y) 

Horv 1; 
BMAM 

15 

c 

119 j 

Maj^s domestica 
(ap}#) 

m 
ifi 

Maid l;Betv 1 
homologue 
Mai d 3; lipid 
transfer protein 

9 

c 
c 

X83672 1 
Pastorello 

Oryza sativa 

Orys 1; 


c 

U31771 1 

PeJgea americana 
(aycisfiado) 

Pers a 1; 
endochitinase 

32 

c 

Z78202 1 

Pnlnlis 

arrneniaca 

(apricot) 

Pruar l;Bet v 1 
homologue 
Pru ar 3; lipid 
transfer protein 

9 

c 
p 

U931 65 1 

Prunus avium 
(sweet cherry) 

Pru av 1 ; Bet v 
1 homologue 
Pru av 2; 
thaumatin 
iiomologue 


c 
c 

U66076 
U32440 

Prunus persica 
(peach) 1 

Pru p 3;lipid 
transfer protein 

10 

p 

P81402 1 
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Sinapis alba 
(yellow mustard) 

Sinal;2S 
albumin 

14 

C 

120 

Glycine max 
(soybean) 

Glym 1.0101; 
HPS Glym 
1.0102; HPS 
Glym 2 
Glym 3; 
profilin 

7.5 
7 

8 

14 

P 
P 
P 

c 

121 

121 
A57106 
AJ223982 

Arachis 

hypogaea 

(peanut) 

0 

m 
■)))? 

m 

Ara h 1 ; vicilin 
Arah2; 
conglutin 
Arab 3; 
glycinin Ara 
h 4; glycinin 
Ara h 5; profilin 
Arab 6; 
conglutin 
homolog 
Arab 7; 

priTityliitin 

homolog 

63.5 
17 
14 
37 
15 
15 

15 

c 
c 
c 
c 
c 
c 

c 

L34402 
L77197 
AF093541 
AF086821 
AF059616 
AF092846 

AF091737 

Ac 
chi 
(ki^ 

|idia 
iBnsis 

m) 

Act c 1; cysteine 

piuicaoc 

30 

p 

P00785 

So 
tub 
(pc 

mum 

epsum 

lato) 

Solt 1; patatin 

43 

p 

PI 5476 

Be 
exc 
(Bi 

rtholletia 
;elsa 
*azil nut) 

Bere 1;2S 

CtlULUliili 

9 

c 

P04403,M17146 

Juglans regia 
(English walnut) 

Jugr 1;2S 

d.iULLllllll ^ 

2; vicilin 

44 

c 
c 

U66866 
AF066055 

Ricinus 
communis 
(Castor bean) 

Rice 1;2S 
albumin 


c 

P01089 

Others 

1 \ — 1 : ■ ^ ' 
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Ascaris suum 

Asc s 1; 

10 

P 

122 

(worm) 




Aedes aegyptii 


yjo 


L12389 

( mosfluitn^ 


D 1 

C 

M33157 

Hevea 

Hevbl; 

58 

P 

123 124 

brasiliensis 

elongation 



(rubber) 

factor 

58 

P 

123,124 


Hevb2;( 




1,3-glucanase 

34/36 

c 

125 


Hevb2;( 




1,3-glucanase 

24 

p 

126,127 


Hevb3 

100/110/115 

p 

128 


Hevb4; 




component of 





microhelix 

16 

c 

U42640 


protein complex 





Hevb5 

20 

c 

M36986/d02877 


Hevb6.01 



Ml 

hevein precursor 

5 

c 



Hev b 6.02 

14 

c 

M36986/n02877 

01 

hevein Hev b 



1.11 

6.03 C-terminal 

46 

c 

U80598 

iXi 

fragment 




H 

Hev b 7; patatin 





homologue 

14 

c 

Y15042 

j.* 

Hev b 8; profilin 

51 

c 

AJ132580/AJ132581 

rij 

' — e L 

Hev b 9; enolase 





s 

Li. 


10 
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